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SUMMARY ;

The objective of this survey was to compile the more commonly
implemented methods of algal control and management. This information
is summarized in an extensive table developed from the literature as
well as through communications with individuals in various State
agencies. References in the annotated bibliography are appropriate
for consideration by individuals desiring direction in developing
algal control programs. However, conclusions and recommendations
drawn from this survey need to be viewed as preliminary, since the
information compiled herein does not provide a sufficient basis for
detailed discrimination of the relative efficacy of the individual
techniques identified. Therefore, the discussion of these techniques
is necessarily generalized. This report is intended as a baseline
of existing information for use in evaluating algal control methods

and management policies applicable to Corps impoundments.

Most of the algal control methods identified during this survey can
be categorized into one or a number of generalized groups including:
biological, chemical, physical, and an additional category of methods
providing combined effects on algae. For the most part, these cate-
gories are comprised of techniques that afford limited algal control
for relatively brief periods of time. Long-term algal management
procedures appear to be essentially nonexistent. Most algal control
methods are implemented only after a bloom has occurred. Normally
the control techniques must be repeated on a regular basis to ensure
continued success. Considerable emphasis needs to be placed on
determining the constraints and limitations associated with the -5:
application of various algal control techniques so that long-term ‘
effective control programs and, most importantly, preventive method-
ologies can be developed.
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Nevada), and J. W. Barko (Ecosystem Research and Simulation Division
(ERSD), Environmental Laboratory (EL), WES, Vicksburg, Mississippi).
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of reference materials. In addition, the following individuals are
acknowledged for their assistance in this effort: B. Blau, Department
of Ecology, Olympia, Washington; C. Branch, Air and Water Pollution
Control Commission, Jackson, Mississippi; E. Gertler, Maryland Water
Resources Administration, Annapolis, Maryland; J. Giese, Department of
Pollution Control and Ecology, Little Rock, Arkansas; J. Greenley,
Department of Fish and Game, Boise, Idaho; J. W. Gregory, Virginia
State Water Control Board, Richmond, Virginia; L. V. Guerra, Noxious
Vegetation Control Program, Texas Parks and Wildlife Department, San
Antonio, Texas; D. H. Henegar, Fisheries Division, North Dakcta Game
and Fish Department, Bismarck, North Dakota; R. C. Hiltibran, Aquatic
Biology Section, I11inois Natural History Survey, Urbana, Illinois;

G. A. Jackson, Division of Land Resource Programs, Michigan Department
of Natural Resources, Lansing, Michigan; J. L. Janisch, Indiana
Department of Natural Resources, Indianapolis, Indiana; M. Japhet,
Division of Wild1ife, Denver, Colorado; F. Jernejcic, Department of
Natural Resources, Fairmont, West Virginia; J. S. Kadakia, Division
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of Public Water Supplies, I1linois Environmental Protection Agency,
Springfield, I11inois; G. W. Karl, Wisconsin Department of Natural
Resources, -Madison, Wisconsin; H. F. Krosch, Minnesota Department of
Natural Resources, St. Paul, Minnesota; W. Maier, Department of Natural
Resources, Tallahassee, Florida; J. W. Morse, Vermont Department of
Water Resources, Montpelier, Vermont; R. M. Pleasant, Bureau of
Monitoring and Surveillance, New York State Department of Environmental
Conservation, Albany, New York; S. Muth, Department of Natural Resources,
Point Pleasant, West Virginia; D. W. Riemer, Department of Soils and
Crops, Rutgers University, Cook College, New Brunswick, New Jersey;
M. Scott, Department of Environmental Protection, Augusta, Maine;
D. R. Sisson, Missouri Department of Natural Resources, Jefferson City,
Missouri; G. T. Thabaraj, Bureau of Water Analysis, Florida Department
of Environmental Regulation, Tallahassee, Florida; and R. E. Towne,
New Hampshire Water Supply and Pollution Control, Concord, New Hampshire.
General supervision and managerial assistance were provided by
R. L. Eley and R. M. Engler, Division and Group Chiefs, respectively,
in the ERSD; and V. W. Lambou, Chief, Water and Land Quality Branch,
Environmental Monitoring and Support Laboratory, EPA. Chief of the
EL was J. Harrison. Program Manager was J. L. Mahloch.
The Commander and Director of WES during the study was COL J. L.
Cannon, CE. Technical Director was Mr. F. R. Brown.
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A COMPILATION OF COMMON ALGAL CONTROL
AND MANAGEMENT TECHNIQUES

PART I: INTRODUCTION

1. Algae form an essential part of lake and reservoir ecosystems.
These organisms photosynthesize and thereby provide both the structure
and energy upon which much of the aquatic ecosystem depends; however,
excessive populations, especially of undesirable species (e.g., blue-
green algae), often interfere with man's use of water. Nuisance
algal blooms occur in many Corps of Engineers (CE) impoundments due to
excessive nutrient enrichment from various sources within their exten-
sive watersheds. Excessive algal production and the subsequent decay
of algal biomass often result in oxygen depletion, fish kills, disa-
greeable taste and odor problems in water supplies, and unsightly
shorelines and surface waters. Algal related problems are a source of
considerable public concern.

2. Algal control measures are frequently considered to reduce ex-
cessive algal populations or to modify the species composition pro-
moting the occurrence of more desirable forms. Numerous algal control
and management techniques have been attempted with varying degrees of
success. The more common methods are identified and summarized in this
report.

3. The purpose of this survey was to identify a]gé] control methods
and management procedures appropriate for CE impoundments. The
information collected did not allow a discriminate evaluation of
individual techniques. Therefore, discussion is limited to generalized
considerations only.




. Ve

PART II: METHODS

4. Information included in this report was acquired through a

systematic literature survey and supplemented through personal communi-

cations with individuals from State agencies concerned with water

quality management.

5. The literature survey included a computerized search of the

following data bases:
Government Research Reports

1970-1978

(National Technical Information Service)

Water Pollution Abstracts
Biological Abstracts
Enviroline

Smithsonian Science Information
Exchange, Inc. (SSIE)

1970-1978
1970-1978
1971-1978
1975-1978

Water Resources Scientific Information 1968-1978

Center (WRSIC)

6. Over 500 articles were requested as a result of the literature

search. A number of publications were eliminated as not being
pertinent to the subject and others were not available. A total of
219 publications were ultimately considered in the preparation of

this report.

7. Appropriate agencies of all states in the continental United
States were requested to provide information related specifically

to their algal control programs (if any).

Twenty-two states responded

to the request, and two states indicated that they presently had no
active algal control programs.
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PART III: RESULTS AND DISCUSSION

8. Biological, chemical, physical, and ecological techniques
currently in use or under development for controlling algae in fresh
water are tabularly summarized in Appendix A of this report. The
appendix is organized according to specific algal control technique,
location of the control or management program, species or group of
algae causing the problem, and results or remarks summarizing results of
the treatment(s). References cited in the table are included in the
annotated bibliography section (Part V), where they are organized
according to a letter-number system. The letter corresponds to the
first letter of the author's last name and the number denotes the
alphabetical sequence for each author. Information in the appendix
obtained through contact with State agencies is identified accordingly.

Biological Control

9. A wide variety of biological control methods are available or
are currently under development. These include the use of pathogens
(e.g., viruses, bacteria, and fungi); control through the feeding
activities of grazers (e.g., protozoans, zooplankton, and fish); and
control by manipulating the interrelationships among plants, animals,
and their environment (i.e., biomanipulation).

10. Pathogens potentially serve as highly potent and selective
control agents. However, successful results have not yet been reported
outside of the laboratory for this control technique.

11. Grazing, the most frequently attempted biological control
technique, has not demonstrated conclusive results. However, protozoans
and zooplankton appear to have potential as control agents.

12. Biomanipulation has shown promise as an effective algal con-
trol technique. The predominant mode of control appears to involve
growth-inhibiting compounds, most of which are apparently excreted by
algae or aquatic vascular plants. Additionally, the compositicn of
algal populations can apparently be altered through the addition of
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chemicals (e.g., HC1, C02, and silica) that alter pH or offset specific
nutrient limitations.

13. Biological methods offer a most desirable means of controlling
nuisance algal problems. The requirements for success of introduced
biological control organisms (pathogens and grazers) include high sur-
vival under a variety of conditions, an ability to reduce the
population of the problem species, and the capability to coexist with
native species. Biological control techniques are still in the early
developmental stages, with most studies being conducted in the
laboratory. Additional information is needed in all areas of
biological control before widespread practical applications can be
implemented.

Chemical Control

14. Algal control through the application of chemicals (algicides)
is the most widely used technique. Application methods vary from
dragging a bag of chemicals by boat to spraying them from a boat or
helicopter. Results of most treatments have been somewhat inconsistent.
Instances of unsuccessful results are probably most often due to in-
correct dosages of the control chemicals. Proper dosage is difficult to
determine because of the complicating influence of differences in water
chemistry and hydrodynamics.

15. The most popular of the chemicals used to control algae are
the copper compounds, especially copper sulfate. The use of copper com-
pounds has recently been questioned due to their potential hazard
when accumulated in bottom sediments and in associated organisms.
Current research into new algicides has provided little advancement
in the state of the art of chemical treatment. Some new compounds have
been suggested, but their use is not widespread.

16. A successful algicide ideally includes the following properties:
Species specific and selective for the nuisance algae.
Nontoxic to other organisms in the food chain.

Harmless to man and animals.
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No incorporation into mineral or biological cycles.
No adverse effect on water quality.

No accumulation in lake sediments.

Inexpensive and easy to apply.
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Physical Control

17. Physical methods of algae control include the mechanical re-
moval of algae (harvesting); application of dyes (1light limitation); the
lowering of the water level (drawdown); the removal of bottom sediments
(dredging); and the use of explosive charges to burst the vacuoles of
blue-green algae (cellular disruption).

18. Mechanical harvesting has demonstrated limited success. How-
ever, serious technical difficulties exist due to the small physical
size of most individual algal organisms. In general, this technique
does not appear to be a practical method for in-lake application.

19. Dyes have been suggested to promote the limitation of algae by
reducing 1ight, but their use has not been widespread. The limited
findings have been encouraging and suggest that this method may
deserve further investigation.

20. Lake drawdown results in the immediate removal of algae. How-
ever, the long-term effectiveness of this technique is unknown. Further
investigations are needed for a clear understanding of the effects of
this technique. In multipurpose reservoirs this technique would not be

practical in most cases because of conflicts with other project purposes.

21. Dredging is a frequently successful, but not a widely used,
technique for controlling algae. This method is usually economically
impractical except where it is implemented for other purposes (e.g.,
sedimentation control) as well.

22. Explosive charges have been used successfully for bursting the
gas vacuoles of blue-green algae subsequently causing them to sink.
However, the technique has obvious adverse effects on other aquatic
organisms. Cellular disruption through the use of explosives is not
considered a viable means to control algae in CE reservoirs.
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Control Through Combined Effects

23. Control methods that provide combined effects on algal growth
include addition of phosphorus precipitating chemicals (nutrient
inactivation); replacement of nutrient-rich with nutrient-poor waters
(dilution); increasing water flushing rate; rerouting of waters out-
side of a lake's drainage basin (diversion); and injection of air into
a water body to promote mixing (artificial destratification).

24, The results of several phosphorus inactivation studies have
been generally encouraging. However, more information on internal
phosphorus cycling in aquatic systems and methods for phosphorus inacti-
vation is needed. The distribution of chemical inactivators and season-
al timing of treatments are additional areas that need more examination
and testing.

25. Dilution reduces nutrient concentrations within a lake. Field
studies have indicated that algal control can be achieved by this pro-
cedure. Hewever, effects on other aspects of lake biology and manage-
ment may be significant and need to be evaluated before this technique
can be implemented on a regular basis.

26. Increased flushing through altered discharge procedures can
remove algae from the water body. This method has been proven success-
ful in altering algal species composition within lakes without adversely
changing water quality. High flushing rates generally reduce phyto-
plankton standing crops and favor nannoplankton species over larger
nuisance-causing species (e.g., blue-green®).

27. Diversion of nutrients before entry into lake systems has
proven successful in reducing nuisance algal abundance. However, the
results have not been consistent. Additional data are needed before the
applicability of this technique can be adequately evaluated.

28. Artificial destratification has generally been shown to have a
positive influence on overall water quality by reducing algal mass and
altering species composition. However, the results obtained are often
inconsistent, and the effects on phytoplankton require more thorough
investigation.

10




PART IV: CONCLUSIONS AND RECOMMENDATIONS

29. Most algal control methods considered in this report are short j
term in nature and must be frequently repeated for continued success.
More emphasis needs to be placed on determining specific causes of
algal problems so that long-term effective control programs and, more
importantly, preventive methodologies can be developed. The occur-
rence of most algal problems can usually be related to increased nutri-
ent input (both internal and external) into a water body. Curbing
y these fluxes should ultimately result in long-term improvements in
: water quality and lessened algal growth. However, where such reductions
are not possible or are ineffective, the judicious application of con-
trol techniques may be a necessity.
30. Many methods now used for algal control ray not be acceptable
for CE reservoirs. For example, algicides may have significant adverse
. ecological side effects. Furthermore, algicides, except for localized
¥ control, may be difficult to use in large reservoir projects; therefore,
controlling algal blooms by reducing growth-promoting factors or through
alterations in project operation are attractive alternatives. Pre-
vious algal control work has mainly been concentrated on natural
lakes. However, reservoirs, in many cases, present significantly
different conditions, including greater potential for management by
manipulation of water levels and discharge elevations.
31. Specific recommendations based on this survey of algal control
and management techniques are enumerated below:

a. There should be a change in emphasis from controlling algal
problems after they arise to determining their causes and
implementing a preventive program.

b. The application of chemicals, especially copper compounds,
should be carefully monitored.

There should be better reporting and publication of methods
. and results of algal control experiences. There is a

) need for improved phytoplankton surveillance and analysis
L, ‘ programs using standardized techniques. Knowledge of
]
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the time course of development of algal blooms will
allow the more prudent application of algicides.
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Additional work on nonchemical control methods--
especially biological--is needed. Viral control of
algae shows good potential; however, it still requires
extensive research in order to characterize and isolate
additional cyanophages, and study the nature of these
unique host-parasite relationships.
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PART V: ANNOTATED BIBLIOGRAPHY*

Adolph, K. W. and R. Haselkorn. 1971. Isolation and characterization
of a virus infecting the blue-green alga Nostoc muscorum.
Virology. 46:200-208.

Description of the isolation and preliminary
physicochemical characterization of a virus
infecting the nitrogen-fixing, filamentous blue-
green alga Nostoc muscorum.

A2. Adolph, K. W. and R. Haselkorn. 1972. Photosynthesis and the development
of blue-green algal virus N-1. Virology. 47:370-374.

Discussion of the relationship between photo-
synthesis and the growth of the algal virus N-1.

2 A3. Adolph, K. W. and R. Haselkorn. 1973. Blue-green algal virus N-1:
: Physical properties and disassembly into structural parts. Virology.
i 53:427-440.

Discussion of the effects of a number of protein
denaturing agents upon viral morphology.

A4, Ahearn, D. G. 1975, Discussion. In: A. W. Bourguin, D. G. Ahearn,
and S. P. Meyers, (eds.). Impact on the Use of Micro-organisms on
the Aquatic Environment. U. S. Environmental Protection Agency.
ECO‘. ReS. Se". EPA‘660/3'75'0010 po 1230

Fa

*AS, Allen, C. K. 1966. Use of copper sulfate in water treatment. Wat.
Sewage Wks. 113:R71-72, R74-75.

Describes the use of an airboat to dispense copper
sulfate and concentrations required.
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* References not cited in the table (Appendix A) are indicated by an asterisk.
When the title is precise, no additional annotation is provided.
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Anonymous .
Symposium. U. S. Department of the Interior, FWPCA, Northwest
Region, Corvallis, Oregon. 111 pp.

Anders, W. W. 1961. Two point copper sulfating program 1icks algae
problem. Wat. Wks. Engng. 114 (8):700-701, 729-732.

Description of algae control program for a water
treatment plant.

Anderson, G., C. Cronberg, and C. Gelin. 1973. Planktonic changes
zzllguing the restoration of Lake Trummen, Sweden. Ambio. 2(1-2):

The plankton communities in Lake Trummen, Sweden,
have been studied before and after the restoration
of the lake. The changes in the plankton communi-
ties are discussed in relation to decreased con-
centrations of plant nutrients. The biomass of
phytoplankton in summer has been reduced by ca 60
percent and the troublesome bloom of blue-green
algae has nearly disappeared. The annual pro-
duction of phytoplankton decreased by ca 30 percent
and, due to better 1ight conditions, the productive
layer increased. The number of zooplankton,
especially cladocerans, has decreased drastically.

1967. Environmental requirements of blue-green algae.

1971. Out with algae safely. American City Magazine. 86(6):

84'86.

Discussion of the use of Cutrine to control algae
in an alkaline lake.

Anonymous. 1976. Policy regarding the use of copper compounds as
aquatic herbicides in Maine. Div. of Lakes and Biol. Studies.
Maine Dept. of Environ. Protection. (mimeograph) 13 pp.

Discussion of reasons for recommending the dis-
continuation of use of copper sulfate for algal
control.,

Anonymous. 1976. How to identify and control water weeds and algae.
Applied Biochemists Inc., Mequon, Wisconsin. 64 pp.

Manual identifying techniques to control nuisance
algae and aquatic plants.
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#=A12. Anthony, S. S. 1969, Algae handled efficiently by Augusta Water District.
Wat. Sewage Wks. 116:185-189.

Description of the use of a barge to apply copper
sulfate and the concentration necessary to
control problem algae.

A13. Armstrong, J. C. 1974, Review of the literature on the use of endothall
in fisheries. NTIS PB-235447, Denver, Colorado. 22 pp.

Discussion of the use of endothall as an herbicide.

A14, Avault, J. W., Jr. 1965, Biological weed control with herbivorous fish.
Proc. South. Weed Conf. 18:590-591.

Comparison of eight species of fish for effec-
tiveness in weed control.
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i Bl. Baily, W. M. 1975. Operational experiences with the white amur in weed
: control programs. In: P, L. Brezonikand J. L. Fox (eds.). Proc.

Symp. on Water Quality Management Through Biological Control. Univ.
of Florida, Gatinesville, Jan. 29-31. pp. 75-78.

Discusses the effectiveness of the white amur in
the control of aquatic weeds and filamentous algae.

' B2, Bandow, F. 1972. Algae control through removal of available nutrients.
§ Job. Prog. Rep. F-26-R-3. Minn. Dep. of Nat. Resour., Area Fish
Hdqtrs., Waterville, Minn. 19 pp.

Discussion of laboratory and pond tests to eval-
uate aluminum sulfate and two chelating agents
for limiting the availability of phosphorus and
iron and thereby reducing the growth of algae

in fish ponds.
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B3. Bartlett, L. and F. W. Rabe. 1974, Effects of copper, zinc, and cadmium
on Selenastrum capricornutum. Water Research. 8(3):179-185.

Description of the algicidal and algistatic
effects of three chemicals on a unicellular
green alga.

B4, Bartsch, A. F. 1954, Practical methods for control of algae and water
weeds. Public Health Reports. 69:749-757.

P T~ ]

Discusston of control techniques for algae and
aquatic weeds.
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Bellinger, £E. G. 1968. The removal of algae by microstraining. Prec.
Soc. Wat. Treat. Exam. 17:60-66.

Discussion of the use of rotary microstrainers
and their efficiency in removing phytoplankton.

B6. Bellinger, E. G. 1970. Eutrophication in relation to water supplies.

B7.

9.

Wat. Treat. Exam. 19(4):400-409.

Discussion of the effects of eutrophication from
the point of view of potable water supplies.

Bernhardt, H. 1967. Aeration of Wahnbach Reservoir without changing
the temperature profile. J. Amer. Wat. Wks. Ass. 59(8):943-964.

The Wahnbach Reservoir, in the Federal Republic
of Germany, since its impoundment, has gradually
developed heavy deposits of algae--most of which
thrive on the phosphates from agricultural runoff.
To stifle the algae, tests were run to determine
the best method for eliminating their nourishment.
This article relates the findings for this
reservoir's particular problems that were found
to be the most efficient and economical.

Betzer, N, and Y. Kott. 1969. Effect of halogens on algae II.
Cladophora sp. Water Research. 3:257-264.

Halogenation of natural tufts gave no fruitful
results. Using isolated filaments of Cladophora
sp. showed that halogens cause changes in ce
colour from green to yellow or even to colourless,
and very often damage the cell wall.

Addition of 5 mg/1 of halogens has caused some
effect on the algae, while addition of copper
sulphate at this concentration showed no effect at
all. With higher concentrations of halogens or
copper sulphate, cell damage was caused. Ten mg/1
chlorine for 2 hr, 10 mg/1 bromine for 10 hr, or
10 mg/1 copper sulphate for 4 days of contact
caused complete algal kill.

Bishop, J. W. 1969. Effects of zooplankton on photosynthesis by algae

in lakes. Virginia Polytechnic Inst., Water Resources Res. Center.
Bull. 31:89-93.

Discussion of zooplankton as potential regulators
of undesirable algae.
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B10. Boyd, C. E. 1973. Biotic interactions between different species of
algae. J. Weed. Sci. Soc. Amer. 21(1):32-37.

Discussion of inhibitory substances as factors
in the development and persistence of unialgal
blooms.

*«Bll. Brezonik, P. L. and J. L. Fox, (eds.). 1975, Water Quality Management
Through Biological Control. Proc. Symp., Univ. of Florida,
Gainesville, Jan. 29-31. 164 pp.

B12. Brock, T. D. 1973. Lower pH limit for the existence of blue-green algae:
Evolutionary and ecological implications. Science. 179(4072):
480-483,

Observations on a wide variety of acidic envi-
ronments, both natural and man-made, reveal that
blue-green algae (Cyanophyta) are completely absent
from habitats in which the pH is less than 4 or 5,
whereas eukaryotic algae flourish. By using en-
richment cultures with inocula from habitats of
various pH values, the absence of blue-green algae
at Tow pH was confirmed.

R13. Brook, A. J. 1952. Some observations on the feeding of protozoa on
freshwater algae. Hydrobiologia. 4:281-293.

Discussion of the feeding rates of ciliate proto-
zoans on benthic diatoms.

Bl4. Brown, R. M. 1972. Algal viruses. In: K., Smith, M. Lauffer, and
F. Bang, (eds.). Advances in Virus Research. Vol 17. Academic
Press, New York. pp. 243-277.

Summary of algal virus (cyanophage) literature.
B15. Burnham, J. C. 1973. Bacterial control of aquatic algae. OWRT-A-
025. Washington, D.C. 90 pp.
Description of laboratory studies investigating

a bacterium Bdellovibrio bacteriovorus as a
control agent for algal populations.
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B16. Burnham, J. C. 1975. Bacterial control of aquatic algae. In:
P. L. Brezonik
Quality Management Through Biological Control. Univ. of Florida,
Gainesville, Jan. 29-31. pp. 120-125.

Discussion of the use of microorganisms to
control unwanted populations of aquatic algae.

B17. Burnham, J. C. and D. Sun. 1977. Electron microscope observations of
the interaction of Bdellovibrio bacteriovorus with Phormidium luridum

and Synechococcus sp. Cyanophyceae. J. Phycol. 13(3):203-208.

Discussion of the ultrastructural changes in blue-
green algae during degradation by Bdellovibrio
bacteriovorus.

B18. Bussy, I. J. de. 1969. Control of aquatic plant nuisances (especially
algae) with some substituted phenylureas. Verh. Internat. Verein.
Limnol. 17:539-545,

Discussion of substituted phenylureas to control
growth of hiqher submer?ed aquatic weeds, duck-
weed, and filamentous algae.

*B19. Button, K. S. and H. P. Hostetter. 1977. Copper sorption and release by
Cyclotella meneghiniana (Bacillariophyceae) and Chlamydomonas
reinhardtii orophyceae). J. Phycol. 13:198-207,

———————

Discussion of the sensitivities to the toxic
effects of copper on two species of algae.

Cl. Cannon, R. E. 1975. Field and ecological studies on blue-green algal
viruses. In: P. L. Brezonik and J. L. Fox (eds.). Proc. Symp. on

Water Quality Management Through Biological Control. Univ. of
Florida, Gainesville, Jan. 29-31. pp. 112-117.

Discussion of the use of cyanophages and their
potential in controlling blue-green algae.

C2. Cannon, R. E., M. S. Shane, and E. DeMichele. 1974. Ecology of blue-green
algal viruses. J. Envir. Eng. 100(6):1205-1211.

Review of research that has been carried out to

study the ecology of blue-green algal viruses,
specifically the LPP group.
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Canter, H. M. 1950. Fungal parasites of the phytoplankton. I. (Studies
of British chytrids, X) Ann. Bot., London, N. S. 14:263-289,

This paper deals with the life histories of a few
of the more abundant chytrids.

Canter, H. M. 1951. Fungal parasites of the phytoplankton II. (Studies
of British chytrids, XII) Ann. Bot., London, N. S. 15:129-156.

This paper brings together the species of chytrid
fungi recorded from large bodies of water in the
British Isles.

Canter, H. M. 1954, Fungal parasites of the phytoplankton. III.
(Studies3on British chytrids, XII1) Proc. Brit. Mycol. Soc.
37:111-132. .

Description of five new chytrids living on plank-
tonic algae.

Canter, H. M. 1971, Studies on the British chytrids. XXXI. Rhizophydium
androdioctes sp. nov. parasitic on Dictyosphaerium pulchelTum Wooﬁ.
from the plankton. Trans. Brit. Mycol. Soc. SEIIS:ETS-I?G.

Canter, H. M. 1973a. A guide to the fungi occurring on planktonic blue-
green algae. In: T. V. Desikachary, (ed.). Taxonomy and Biology of
Blue-green Algae. First Intern. Symp. on Taxon. and Biol. of Blue-
Green Algae, Univ. of Madras, Madras, India. pp.145-158.

Canter, H. M. 1973b. On Zygorhizidium venustum (Canter) n. comb. together
with an illustrated 1ist of chytrids occurring on chrysophycean algae.
Nova Hedwigia. 21:577-597.

Canter, H. M. and J. W. G. Lund, 1948. Studies on plankton parasites.
I. Fluctuations in numbers of Asterionella formosa Hass. in

relation to fungal epidemics. WNew Phytol. 47:238-261.
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Canter, H. M. and J. W. G. Lund. 1951, Studies on plankton parasites.

Examples of the interaction between parasitism and other

factors determining the growth of diatoms.

Ann. Bot., London N. S.

|
f 111.
|
i

15:359-371.
Discussion of the interrelationships of pop-

ulations of plankton organisms and their para-
sites in two English lakes.
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Canter, H. M. and J. W. G. Lund. 1953. Studies of the plankton parasites.
II. The parasitism of diatoms with special reference to lakes in
the English lake district. Trans. Brit. Mycol. Soc. 36:13-37,

Survey of the incidence of parasitism of plank-
ton diatoms by chytridiaceous fungi in the English
lake district.

Canter, H. M. and J. W. G. Lund. 1968. The importance of protozoa in
controlling the abundance of planktonic algae in lakes. Proc.
Linnean Soc. London. 179(2):203-219.

Discussion of the effects of protozoa grazing
on colonial green algae.

Clesceri, N. L. 1968, Physical and chemical removal of nutrients. In:
D. F. Jackson, {(ed.}. Algae, Man, and the Environment. Syracuse
University Press, New York. pp. 413-428.

Compilation of the more pertinent literature
regarding physical and chemical means of remov-
ing nitrogen and phosphorus from wastewaters.

Cole, G. T. and M. J. Wynne. 1973. Studies of Microcystis-Ochromonas
interactions. In: B. L. Prows and D. W. McIThenny, (eds.). Develop-
ment of a Selective Algaecide to Control Nuisance Algal Growth.

U.S. Environmental Protection Agency. Ecol. Res. Ser. EPA 660/3-
73-006. pp. 110-126.

Cole, G. T. and M. J. Wynne. 1974. Endocytosis of Microcystis
éeruginosa by Ochromonas danica. J. Phycol. 10(15:3§;-KIU.

Discussion of endocytic activity of 0. danica
during intracellular digestion.

Cole, G. T. and M. J. Wynne. 1975, Possible utilization of the en-
docytotic golden alga, Ochromonas danica as a means of biological
control of nuisance blue-green algae. In: P. L. Brezonik and
J. L. Fox, (eds.). Proc. Symp. on Water Quality Management Through
Biological Control. Univ. of Florida, Gainesville, Jan. 29-31.
pp. 118-119,

Cook, G. D., R. T. Heath, R. H. Kennedy and M. R. McComas. 1978.
Effects of diversion and alum application on two eutrophic 1akes.
EPA-600/3-78-003. U. S. Environmental Protection Agency, Ecological
Research Series. 114 pp.
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C18. Cook, S. F., Jr. and R. L. Moore. 1970. Mississippi silversides,
Menidia audens (Atherinidae), established in California. Trans.
Amer. Fish, Soc. 99(1):70-73.

Discussion of the effectiveness of the Mississippi
silversides as a biological control agent.

C19. Cook, W. L., D. G. Ahearn, D. J. Reinhardt, and R. J. Reiber. 1974,
Blooms of an algophorous amoeba associated with Anabaena in a
freshwater lake. Water Air Soil Pollut. 3:71-80.

Blooms of the blue-green alga Anabaena planctonica

in a freshwater lake in northern Georgia were :
followed by the massive development of a large 4
algophorous, mayorellid-like amoeba. The algal- 1

amoeba blooms were associated with waters enriched
with sewage effluents. The trophozoite and cyst-
Tike stages of the amoeba were examined with phase
and light-field microscopy. The use of algophorous
amoehae for the natural control of nuisance algal
blooms is suggested.

€20. Crance, J. H. 1963. The effects of copper sulfate on Microcystis and 4
zooplankton in ponds. Prog. Fish. Culturist. 25(45:[§8-%U§. )
Discussion of the effects of low concentrations ;

of copper sulfate on controlling Microcystis and y

the toxicity on zooplankton. 1

D1. Daft, M. J., J. Begg, and W. D. P. Stewart. 1970. A virus of blue-green
algae from freshwater habitats in Scotland. New Phytol. 69:1029-
1038.

Discussion of the effects of a virus which is
pathological to certain blue-green algae.

D2. Daft, M. J. and W. D. P. Stewart. 1971. Bacterial pathogens of freshwater o
blue-green algae. New Phytol. 70:819-829. .

Niscussion of bacterial isolates which cause lysis
of laboratory cultures and natural populations of
blue-green algae. o

D3. Deegan, U. F. 1976. Certain factors involved in the biological control
of Microcystis aeruginosa by Ochromonas danica. J. Phycol.
12(suppl.):8.
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The competitive, nutritional, and predatory rela-
tionships of 0. danica with the bloom-forming
cyanophyte M. aerug1nosa are investigated

in an attempt to identify those conditions favor-
ing optimal phagotrophy.

D4. Denison, J. R. 1974, Limiting nutrient tests used in an investigation of
factors controlling phytoplankton development. Water Treat. Exam.
23(1):52-75.

Data are presented showing seasonal variations of
phytoplankton in four Manchester reservoirs and
relationships are sought with some ecological
factors controlling their growth. Selenastrum
capricornutum was used as a test species in
bioassays to determine the availability of growth-
Timiting algal nutrients and to quantify the bio-~
logical response to changes in concentrations of
these nutrients. Further study is required

before precise interpretation of the bioassay
results can be provided, in relation to the
naturally occurring algal populations. BRut the
technique promises to be a valuable and versatile
tool for studying specific algal problems encount-
ered in waterworks practice.

D5. Desjardins, P. R., M. B, Barkley, S. A. Swiecki, and S. N. West. 1978.
Viral control of blue-green algae. California Water Resources
Center. Contrib. No. 169, 29 pp.

Description of a method to purify and concen-
trate cyanophages with discussion of their bio-
Togical control capabilities.

*D6, Duncan, T. 0. 1978. A review of literature on the use of potassium
permanganate (KMNQ; ) in fisheries. Bur. Sport Fisheries and Wild-
1ife. FWS/LR-74/14. F. Fayetteville, Ark. 62 pp.

Discussion of some algal control methods, but
mostly a review of the use of KMNO4 in fisheries.

p7. Dunst, R. C., S. M. Born, P. D. Uttormark, S. A. Smith, S. A. Nichols,
J. 0. Peterson, D. R. Knauer, S. L. Serns, D. R. Winter, and
T. L. Wirth. 1974. Survey of lake rehabiliation techniques and
experiences. Tech. Bull. No. 75. Department of Natural Resources,
Madison, Wisconsin. 179 pp.
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Eunpu, F. F. 1973, Control of reservoir eutrophication. J. Am. Wat.
Wks. Assoc. 64(4):268-274.

Discussion of aeration system to control algal
growths and taste and odor problems.

Fast, A. W. 1971. The effects of artificial aeration on lake ecology.
EPA 5501-0232. Washington, D.C. 470 pp.

Discussion of the ecological effects resulting
from artificial aeration and a description of the
aerators utilized.

Fast, A. W., B. Moss, and R. G. Wetzel. 1973. Effects of artificial
aeration on the chemistry and algae of two Michigan Takes. Water
Resources Research. 9(3):624-646.

Two lakes were artifically aerated by using com-
pressed air. Section Four Lake, an unproductive
lake, was completely mixed, whereas Hemlock Lake, a
eutrophic lake, had its hypolimnion aerated but
thermal stratification maintained. Chemical and
algal changes in Section Four Lake during destra-
tification were not great. Although phytoplanktonic
production potentials increased during mixing, the
phytoplankton standing crop appeared to decline
slightly, possibly due to the increased mixing depth
and turbidity. Hemlock Lake hypolimnetic anoxia and
conditions associated with it were eliminated during
aeration. The lake gradually destratified during
aeration due to leaks in the aeration tower. These
leaks also released nutrient-rich water into the
epilimnion, which promoted algal growth.

Fitzgerald, G. P. 1964a. Laboratory evaluation of potassium permanganate
as an algicide for water reservoirs. Southwest Water Works J. 45(10):
16-17.

Discussion of potassium permanganate as an algicide
and comparison testing with copper sulfate.
Fitzgerald, G. P. 1964b. Factors in the testing and application of
algicides. Appl. Microbiol. 12:247-253.
A review is presented of some of the factors affect-

ing the laboratory testing and practical applica-
tions of chemicals toxic to algae. The basic factor
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demonstrated is that the amount of chemical required
to inhihit the growth of algae is dependent on the
amount of algae present and not on the volume of
water in which the algae are dispersed.

vy

F5. Fitzgerald, G. P. 1964c. The biotic relationships within waterblooms.
In: D. F. Jackson, (ed.). Algae and Man. Plenum Press, New York. j
pp. 300-306.

Discussion of the sequence of algae blooms in !
aquatic environments. , 4

F6. Fitzgerald, G. P. 1966. Use of potassium permanganate for control of
problem algae. J. Am. Wat. Wks. Assoc. 58:609-614.

e

Discussion of results of a comparative toxicity test
of copper sulfate and potassium permanganate on
eight species of problem algae.

F7. Fitzgerald, G. P. 1969. Some factors in the competition or antagonism 3
among bacteria, algae, and aquatic weeds. J. Phycol. 5:351-359,

Field observations of changes in the populations

of aquatic weeds and phytoplankton have confirmed

that aquatic weeds have antagonistic activity

toward phytoplankton. Discussed are the ecological
implications of associations of certain algae with
bacteria that have selective toxicities for other
species of algae under certain environmental conditions
such as nitrogen-l1imited growth.

o .

g

byt kel

#8. Fitzgerald, G.P. 1971 . Algicides. Univ. Wis. Water Resource Cent.,
Eutroph. Inf. Program, Lit. Rev. No. 2. Madison, Wis. 50 pp.

Review of chemicals used for algae control. Includes
literature survey, evaluation of algicides, factors
in application, and practical uses.

|
&
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|
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#F9. Fitzgerald, G. P. 1974, Shortcut methods test algicides. Wat. Sewage
Wks. 121(9):85-87.

NDescription of a method to evaluate the effective-
ness of algicides.

*10, Fitzerald, G. P, 1975. Are chemicals used in algae control biodegradable.
Wat. Sewage. Wks. 122(5):82-85.

Data collected during tests performed over the last
11 years have indicated that the algicides that have




been used to control the growth of problem-causing
algae, products containing copper, silver, mercuric
chloride, phenyl mercuric acetate, and quaternary
ammonium compounds, do not pose a threat to aquatic
environments if used at the minimal concentrations
required to be effective, because these concentrations
are biodegraded by the treated algae. However,

all chemicals to be added to aquatic environments ‘
should be evaluated, since at Teast one compound--

methyl mercuric chloride--is not detoxified by f
the action of treated algae and its use as an
algicide would pose a threat to the general en-

vironment.

*F11, Fitzgerald, G. P. and S. L. Faust. 1963. Factors affecting the algi-
cidal and algistatic properties of copper. Appl. Microbiol. 11:

345-351.

Data from laboratory studies are presented to show
that, whereas five different sources of copper
appear to be equally effective as toxic agents for
algae, the medium in which toxicity tests are
carried out has a great influence on the toxicity
of copper. A technique of subculture is des-

. cribed for determining whether a concentration of

i a chemical is algicidal, algistatic, or nontoxic
in action against a specific alga, and demonstra-
tions are given of tests with algae illustrating
each class of action.

2
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F12. Fitzgerald, G. P., G. C. Gerloff, and F. Skoog. 1952. Studies on
chemicals with selective toxicity to blue-green algae. Sewage ind.

Wastes. 24:888-89%.

Discussion of the results of testing 300 organic
compounds for toxicity to bloom-producing blue-
green algae.
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F13. Fitzgerald, G. P. and F. Skoog. 1954, Control of blue-green algae
blooms with 2, 3-dichloronophoquinine. Sewage. ind. Wastes.
26{9):1136-1140,

Discussion of the results of an in-lake treat-
ment to determine the effectiveness of 2, 3--
DNQ in controlling blue-green algae bloom.

“
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F14. Fox, J. L., P. L. Brezonik, and M. A, Keirn. 1977. Lake drawdown as
a method of improving water quality. EPA-600/3-77-005. Corvallis,

[} Vi
| B Oregon. 94 pp.
]

25




D i o et

Discussion of an investigation to determine the
feasibility of radical drawdown as a restoration
technique for Lake Apopka, Florida.

F15. Frost, T. P. 1960. Practical algal control methods for New Hampshire
Water Supplies. J. New Hamp. Wat. Wks. Assoc. 7 pp.

Discussion of the use of copper sulfate as an
algicide.

F16. Frost, T. P. 1963, Observations and experience in the control of algae.
J. New Hamp. Wat. Wks. Assoc. 6 pp.

Discussion of the use and application of copper
sulfate as an algicide.

F17. Frost, T. P., R. E. Towne, and H. J. Turner. 1972. Algae control by
mixing. Staff report on Kezar Lake in Sutton, N. H. Staff report
No. 59. N. H. Water Supply and Pollution Control Commission.
105 pp.

. : Discussion of the affects of artifical destrati-
: fication on the water quality of Kezar Lake.

F18. Fuhs, G. W., S. P. Allen, L. J. Helting, and T. J. Tofflemire. 1977.
’ Restoration of Lower St. Regis Lake (Franklin County, New York)
EPA-600/3-77-021. Ecological Research Series. 107 pp.

: Discussion of the effects of diversion on the
i water quality of lower St. Regis Lake.

F19. Fuller, R. H., R. C. Averett, and W. G. Hines. 1975. Problems related
to water quality and algal control in Lopez Reservoir, San Luis Obispo
1 County, California. PB-243466. U. S. Geological Survey. 54 pp.

Discussion of possible application rates and methods
of determining applicatfon rates of copper sulfate
for controlling nuisance algae. Description of Monfe
test for determinations of copper sulfate dosages.

F20. Funk, W. H. and A. R. Gaufin. 1965. Control of taste and odor
producing algae in Deer Creek Reservoir. Trans. Am. microsc. Soc.
84(2):263-269.

-mv~u&\.~aw~‘= e

' Field and laboratory comparative testing of
i, i : the effectiveness of varfous algicides.
]
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Gl. Gibbon, B. 1971. Belleville's microstrainers maintain filter flowrates.
Water Pollut. Control. 109(6):24-25.

Description of the use of microstrainers for pre-
treatment of water.

G2. Gibson, C. E, 1972, Algicidal effect of copper on a green and blue-green
g}gas?gd some ecological implications. J. Applied Ecol. 9(2):

Discussion of the concentrations of copper sulfate
needed to control two species of algae.

G3. Goldman, C. R., N. Williams, and A. Horne. 1975. Prospects for micro-
nutrient control of algal populations. In: P. L. Brezonik.
and F. L. Fox, {eds.). Proc. Symp. on Water Quality Management
Through Biological Control. Univ. of Florida, Gainesville, Jan. 29-31.

ppo 97 '105-

*G4, Golueke, C. G. and W. J. Oswald. 1965. Harvesting and processing sewage-
grown planktonic algae. J. Wat. Pollut. Control Fed. 37:471-498.

Review of methods for algae harvesting and processing.

G5. Granhall, U. 1972. Aphanizomenon flos-aquae, infection by cyanophages.
Physiol. Plant.” 26:332-337.

This report presents electron microscopic obser-
vations of a virus infection of Aphanizomenon
flos-aquae (L.) Ralfs and investigations on the
presence of the causative cyanophage in a moderate-
1y eutrophic lake. The results fndicate that

the cyanophages regulate termination of the water-
bloom of this alga.

G6. Granhall, U. and B, Berg. 1972. Antimicrobial effects of Cellvibrio
on blue-green algae. Arch. Microbiol. 84:234.242,

Discussion of the 1ysing effects of culture fluids
from two Cellvibro strains of bacteria on various
species of blue-green algae.

G7. Granhall, U. and A. Y. Holsten. 1969. The ultra-structure of a cyano-
phage attack on Anabaena variabilis. Physiol. Plant. 22:713-722.

Cyanophages multiplying on the nitrogen-fixing blue-
green alga Anabaena variabilis Kutz. were revealed
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by electron microscopy. Severe ultrastructural
changes have been observed in the vegetative cells,
whereas the heterocysts appeared resistant to the
cyanophage. A lytic cycle was observed from adsorp-
tion to lysis.

G8. Gratteau, J. C. 1970. Potential algicides for the control of algae.
Wat. Sewage Wks. 117:R24-R61.

Review and comparison of 300 algicides. Discussion
of physical and ecological control methods.

#G9, Guttman, H. N. 1973. A critical test of methods for the isolation of
viruses for use in control of nuisance algae. I1linois Univ., Urbana.
OWRR-A-043-111. 17 pp.

‘o The objects of this study were a) to compare the
- two major methods for isolation of blue-green
algae viruses in order to determine whether the
finding of viruses in any one local depended upon 3
the isolation method used and b) to isolate an array {
of virulent blue-green algae viruses which could 1
be used for field control of these algal polluters.
. Since infection of algae with temperature viruses
immunizes the algae to infection with closely
related virulent viruses, it was concluded that use
of virulent viruses to remove blue-green algae from
waterways in the greater Chicago metropolitan area
! is not practical. Virus removal of blue-green
algae is only practical in a) areas in which the
natural incidence of temperature viruses is low, or
b) cases in which non-cross-reacting virulent
viruses are available. Virus removal of algae
remains an attractive concept because of its spe-
cificity but, at the present, may require too
much economic investment to locate appropriate viruses.

Hl. Harris, D. 0. 1971a. Inhibitfon of oxygen evolution in Volvox globator
;g gulture filtrates from Pandorina morum. Microbios. 95'
-75.

Culture filtrates from Pandorina morum, grown under
axenic conditions were Tnhibitory to most members

of the colonfal flagellates (green algae). An

examination of the filtrate on the rate of photo-

synthesis (as measured by oxygen evolution) in Volvox
1obator was conducted. One hour exposure resu

in 65% reduction in photosynthesis which increased

to 91% after 12 hours. Respiration rates, as measured by
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H6.

oxygen consumption, were unaffected.

Harris, D. 0. 1971b. Growth inhibitors produced by green algae
(Volvocaceae). Arch. Microbiologie. 76:47-50,

A complex system of growth inhibition is present
in the green algae (Volvocaceae). Inhibitors are
found in the culture filtrates of some genera
which 1imit their own growth {autoinhibition)
vhile others in the family produce inhibitors
which check the growth of other genera (heter-
oinhibition). These inhibitors are destroyed by
autoclaving.

Harris, D. 0. 1972a. Further observations on a growth inhibiting sub-
ggance produced by Pandorina morum. Research Report OWRR-A-018-Ky(3).
PpP.

These studies clearly show that a substance produced
by Pandorina morum (a colonial green flagellate) in-
hibits growth of most members of the Volvocaceae. It
is hoped that these studies on the toxin will shed
1ight on a method to control the indiscriminate
growth of algae in all water supplies.

Harris, D. 0. 1972b. Life history and growth inhibition studies in Platy-
dorina caudata (Volvocaceae). Research Report. OWRR-A-018-Ky .

pp.

Platydorina caudata 1ife history was studied in
axenic culture. It was observed by studying many
strains that a complex system of growth inhibition

is operative in the family Volvocaceae. Pandorina
morum produced the strongest inhibitor, inhibiting
growth of most members of the family and Volvox
tertius proved to be the most sensitive. These two
genera were therefore used as a model system to study
the chemical and physical properties of algal growth
inhibitors.

Harris, D.O. 1975, Antibiotic production by the green alga, Pandorina
morum. In: P. L. Brezonik and J. L. Fox (eds.). Proc. Symp.
on Water Quality Management Through Biological Control. Univ. of
Florida, Gainesville. Jan. 29-31. pp. 106-111,

Harris, D. 0. and H. D. Caldwell. 1974. A study of naturally occurring
algicides produced by freshwater algae. National Technical
Information Service. PB-238-349. 39 pp.

29

oy




o

The mode of action of the algicide producad by
Pandorina morum was examined by exposing Volvox
Yobator and Tsolates of spinach chloroplasts to a
partially purified algicide preparation. Field
studies indicate that this algicide has tremendous
potential as a control of nuisance algal growth.

H7. Hasler, A. D. and E. Jones. 1949, Demonstration of antagonistic action
of large aquatic plants on algae and rotifers. Ecol. 30:359-364.

Discussion of a study to investigate the competitive
actions of aquatic plants on algae.

H8. Haynes, R. C. 1973. Some ecological effects of artificial circulation
on a small eutrophic lake with particular emphasis on phytoplankton.
1. Kezar Lake experiment, 1968. Hydrobiologia. 43(3-4):463-504.

Discusses the effects of artificial circulation on
a small eutrophic 1ake.

H9. Ho, T. S. and M. Alexander. 1974, The feeding of amebae on algae in
culture. J. Phycol. 10(1):95-100.

Discussion of the susceptibility of a number of
algae to attack by protozoa and to establish
some of the variables affecting the rate of
predation.

H10. Holcomb, D. E., W. L. Wegener and V. P. Williams. 1975, Lake level
fluctuation for habitat management. In: P, L. Brezonik and
J. L. Fox (eds.). Proc. Symp. on Water Quality Management Through
Biological Control. Univ. of Florida, Gainesville, Jan. 29-31.
pp. 151-157,

Review of the biological effects of lake drawdown
on a Florida lake.

H1l. Holmstrand, L. L. 1971. The role of the rotifer, Lindia euchromata in
the ecology of Gloeotrichia blooms. Limresta. ~2:28-27.

Discussion of a preliminary study to determine
the ecological relationships of the rotifer, Lindia
euchromata, with the alga, Gloeotrichia.
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H12. Hooper, F. F., R. C. Ball, and H. A. Tanner 1952. An experiment in

*I1.

12,

=13,

Jl.

J2.

the artificial circulation of a small Michigan lake. Trans.
Amer. Fish. Soc. 82:222-241.

Discussion of the effects of artificial circulation
gn improving trout fishing in a small unproductive
ake.

Ingram, W. M. 1954, Selected bibliography of publications relating to.
the undersirable effects upon aquatic 1ife by algicides, insecti-
cides, and weedicides. PHS-PUB-400, PB-217-414, 32 pp.

Annotated bibliography of algicides.

Irwin, W. H., J. M. Symons, and G. G. Robeck. 1967. Water quality
in impoundments and modifications from destratification.
Reservoir fisheries Resource Symposium. Southern Division.
American Fisheries Society. pp. 131-152.

Ives, K. J. 1957, Control of algae in reservoirs. Water and Water
Eng. 61(737):387-389.

Review of some techniques used to control
algae in reservoirs.

Jackson, D. and V. Sladecek. 1970. Algal viruses-euthropication control
potential. Yale Scientific Magazine. 44:16-21.

Discussion of algal! viruses and their effect on
blue-green algae.

Jansen, G. P. and D. L. Parker. 1975. Isolation, purification and
partial characterization of a virus infecting certain blue-green
algae. Am. Soc. Microbiol. National meeting. New York, N.Y.
Apr. 27-May 2 (ABSTR.)

Cyanophage SAM-1, which infects Synechococcus
cedrorum, Anacystis nidulans, arnd certain strains

of Fﬁcrocxs S aerug?nosa has been isolated

from sewage. SAM-1 stocks were concentrated by
ultrafiltration and purified by density-gradient
and differential centrifugation. Electron
micrographs of SAM-1 suspensions show virions
with a characteristic morphology. The host range
of SAM-1 is demonstrated to differ fram those of
other reported cyanophages. SAM-1 stocks are
rapidly inactivated at temperatures above 45°C or
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at pH values below pH4 or above pHl10. 0.1 M NaCl
is required for optimal adsorption of SAM-1 to S.
cedrorum.

J3. Jerneloev, A. 1971. Phosphate reduction in lakes by precipitation with
aluminum sulfate. In: S. H. Jenkins (ed.). Advances in Water
Pollution Research.” Pergamon Press, New York. 1(I)15:1-6.

Kl. Keating, K. I. 1976. Algal metabolite influence on bloom sequence in
eutrophied freshwater ponds. EPA-600/3-76-081., Ecological
Research Series. 156 pp.

Biological sequence control of algal blooms is
suggested as a relatively inexpensive method of
water quality management in moderately sized
eutrophic Takes as a practical alternative and/or
adjunct to nutrient removal. Monitoring of bloom
‘e sequence in Linsley pond, Connecticut, for three
years, accompanied by laboratory studies, showed
that certain extracellular metabolities in blue-
green algae substantially inhibit the growth of
planktonic diatoms in cultures and in the pond's
natural sequence. A hypothetical sequence control
strategy is offered, with a projected cost of
. about $500 per year for a pond similar to the
study site. Using the strategy, winter blue-
green blooms would be eliminated by copper sul-
fate and spring diatom growth enhanced by the
addition of silica. The sflica would enhance the
diatom growth and some other desirable forms and
would lessen the effect of the remaining blue-
green metabolite inhibition. Such efforts should
then increase the period of diatom domination, de-
crease nutrient Tevels left in the epilimnion when
the diatoms senesce, and decrease the subsequent
late summer blue-green bloom. Details are given
of the in situ and of the laboratory tests.

K2. Keating, K. I. 1977. Allelopathic influence on blue-green bloom sequence

in a eutrophic lake. Science. 196:885-886.

The bloom sequence in a eutrophic lake, Linsley
Pond, over a period of three years is correlated to
the effects of cell-free filtrates of dominant
blue-green algae on both their successors and
their predecessors. There is unbroken corres-
pondence between the effects of heat-labile
probfotic and antibiotic filtrates and the rise
and fall of bloom populations in situ. Al
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K3.

K4.

K5,

k6.

K7.

Keating, K. I.

organisms in vitro were axenic or unialgal
(bacterized) isolates from Linsley Pond.

1978. Blue-green algal inhibition of diatom growth--
transition from mesotrophic to eutrophic community structure.
Science. 199:971-973.

Cell-free filtrates of axenic or bacterized
cultures of the dominant blue-green algae from

a freshwater lake inhibited the growth of diatoms
isolated from the same lake. Lake waters, col-
lected during blue-green algal blooms, also
inhibited diatom growth. In situ observations
over a five-year period indicate that diatom bloom
populations vary inversely with the levels of

the preceding blue-green algal populations.
Blue-green algal dominance of eutrophic lakes

is attributed to this allelopathy, and dilution
is proposed as one cause for the limited occur-
rence of blue-green algal dominance in marine
waters.

Kemp, H. T., R. G. Fuller, and R. S. Davidson. 1966.
ganate as an algicide. J. Am. Wat. Wks. Asgoc.

Potassium perman-
58(2)255-263.

Description of preliminary laboratory studies
of the algicidal effect of potassium perman-
ganate along with determination of its
toxicity to fish.

Kerst, A. F., J. D. Douros, and M. Brokl.
with 5-(5 barbiturilidene)-rhodanine.
Patent Office. 915(3):986.

1973. Controlling algae
Official gazette of the U.S.

Discussion of a new algicide and a review of its
claims and properties.

Khudyakov, 1. Y. and B. V., Gromov. 1973. The temperate cyanophage A-4(L)
of the blue-green alga Anabaena variabilis. Mikrobiologiya 42:904-
970. (Translation)

Description of the cyanophage A-4(L), which is
specific for Anabaena variabilis.

Kocurova, E. 1966. The application of algicide CA 350 in the Lubi

Hydrobiologia. 28(2):223-

Reservoir near Trebio, Czechoslovakia.
240,
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A discussion of the effects of the algicide CA 350
on blue-green algae blooms (Aphanizomenon flos-

aquae).

K8. Kozyakov, S., B. Gromov and I. Khudyakov. 1972. Cyanophage A-1(L) of
the blue-green alga Anabaena variabilis. Mikrobiologiya. 41:555-
559. (Translation)

Description of the cyanophage A-1{L) which lyses
Anabaena variabilis.

K9. Kraus, M. P. 1974. Host range study of blue-green algal viruses. Coll.
of Mar. Stud. U. of Delaware. Rep. No. Del-5G-1-74, 30 pp.

Progress report summarizing the information
) gained on the molecular ecology of a host/virus
‘o system covering a rather wide range of blue-
green algal viruses and their hosts.

L1l. Lackey, R. T. 1973. Artificial reservoir destratification effects on
phytoplankton. J. Wat. Pollut. Control Fed. 45(4):668-673.

. Discusses the effects of artificial destratifica-
tion on phytoplankton standing crop and species
composition.

’ #.2. Lawrence, J. M. 1968. Aquatic weed control in fish ponds. Fao Fish
Rep. 44(5):76-91.

Results of 30 years of aquatic weed control re-
search in fish ponds at this station are sum-
marized. This summary includes a listing of
important algae qenera and aquatic weed species
and information on pond construction features
of significance in aquatic weed control, as well
as mechanical, biological, and chemical control
techniques. Included in discussions on chemical
control techniques are data on fish toxicity of
each herbicide as well as effective rates of
application for use under pond conditions.

L3. Lawton, G. W. 1961. Limitations of nutrients as a step in ecological
- control. Algae and metropolitan wastes. Robert A. Taft, Eng.
Cent. Tech. Rep. W61-3. Cincinnati, Ohio. pp. 108-117.

) «L4, Lleach, L. E. and C. C. Harlin. 1970. Induced aeration of small mountain
i, . lakes. EPA Project #16080. Washington, D.C. 55 pp.
)
PR Y
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Summer stratification in small mountain trout
fishery laxes restricts trout habitat to the thin
layer of surface waters. As atmospheric tempera-
tures increase during later summer months, the
epilimnion waters reach temperatures intolerable
for trout. A technique of managing trout fishery
lTakes, through introduction of compressed air,
was studied at Lake Roberts in southern New Mexico
during the summer of 1969. Research findings and
further research required for optimum development
of induced aeration systems as management tools
for trout-fishery lakes are discussed.

Dt .

5, Lin, S. D. 1977. Tastes and odors in water supplies--A review. National
Technical Information Service. PB-273-142. 50 pp.

A literature review comparing experiences and K
characteristics in the control of tastes and 3

odors in water supplies.

L6. Lond, H. Y. 1969. Optimum operation of microstrainers. Wat. Treat. i
Exam. 18(3):229-232. '

Discussion of the efficiency of microstrainers
in removing algae from lake water.

L7. Lorenzen, M. W. 1977. Aeration/circulation keeps algal blooms in check.
Water Wastes Engineer. 14(10):69-74.

Discusses the results of aeration/circulation
studies aimed at controlling phytoplankton.

L8. Lorenzen, M. W. and R. Mitchell. 1973. Theoretical effects of artificial !
destratification on algal production in impoundments. Environ. Sci.
Technol. 7(10):939-944,

Theoretical models of phytoplankton production
are reviewed and a model for application to mixed
impoundments is derived.

L9. Lorenzen, M. W. and R. Mitchell. 1975. An evaluation of artificial -
' destratification for control of algal bhlooms. J. Am. Wat. Wks. Assoc.
1 67(7):373-376.

Results of a study conducted by the New Hampshire

Water Supply and Pollution Control Com. on a New
. ‘ Hampshire lake were used to evaluate a model
previously developed to predict the effects of
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*L10.

11,

12,

artificial destratification on algal production + 4
in impoundments. These results may be of help in )
water quality management decisionmaking.

Lueschow, L. A, 1972, Biology and control of selected aquatic nuisances t
in recreational waters. Tech. Bull. No. 57. Dept. of Natural
Resources, Madison, Wisconsin. 36 pp.

The control of aquatic nuisances has been in effect
in Wisconsin since the early 1900's. Algae popu-

lations that have become so expanded that they ‘*
contribute odors and unsightly conditions are tem- :

porarily abated through the use of copper sulfate. i
This chemical quickly reacts with natural carbonate

jons in the water and precipitates into biologically
inactive copper carbonate.

X VNP

Lund, J. W. G. 1955. The ecology of algae and waterworks practice.
Proc. Soc. Water Treat. Examin. 4(2):83-99.

Lund, J. W. G. 1966. Limnology and its application to potable water
supplies. J. Brit. Waterworks Assoc. 49(424):14-26.

e e * o e * g ro—

MacKenthun, K. M. 1960. Algae control. Pyhlic Works. 91(9):114-116. b
1

Brief discussion of copper sulfate (with dosage i
chart) as an algicide. 3
. . b

MacKenthun, K. M. 1969. Nuisance organism control. In: The Practice |
of Water Pollution Biology. U.S. FWPCA, Washington, D.C. 281 pp. §

Discussion of algal control techniques. ‘

MacKenthun, K. M. and L. E. Keup. 1970. Biological problems encountered
in water supplies. J. Am. Wat. Wks. Assoc. 62(8)520-526.

Compilation of literature dealing with problem h
organisms in water supplies and methods of control.
Massey, A. and J. Robinson. 1971. Review of the factors limiting the ’

growth of nuisance algae. Wat. Sewage Wks. 118(11):352-355,

Review of the roles of phosphorus, nitrogen, and
carbon as limiting factors for algal growth.
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M5,

M6.

M7.

M8.

*M9,

M10.

Mattox, K. R. and K. D. Stewart. 1972, probable virus infections in four
genera of green algae. Can. J. Microbiol. 18:1620-1621.

Description of virus-like inclusions in four
species of filamentous, ulotrichalean algae.
Observations suggest that virus infections of
green algae are not uncommon.

McBrien, D. C. H. and K, A. Hassall. 1967. The effect of toxic doses
of copper upon respiration, photosynthesis and growth of Chlorella
vulgaris. Physiol.Pl. 20:113-117.

Description of the effects of toxic doses of
copper in aerobic and nonaerobic conditions on
Chlorella vulgaris.

McCullough, J. R. 1974, Aeration revitalizes reservoir. Wat. Sewage
Wks, 12(6):84-85.

Description of an aeration system and the
effects on the water quality of a reservoir.

McGarry, M. G. 1970. Algal flocculation with aluminum sulfate and poly-
electrolytes. J. Wat. Pollut. Control Fed. 42(5):191-201.

Discussion of chemical flocculation as a means
of harvesting dispersed algae from pond water
rich in algal biomass.

McGarry, M. G. and C. Tonykasame. 1971. Water reclamation and algae
harvesting. J. Wat. Pollut. Control Fed. 43(5)824-835.

Discussion of methods of algae removal from waste-
waters.

Menday, D. and A. Buck. 1972. A shockwave technique to collapse the
vacuoles of blue-green algae. Wat. Res. 6:279-284.

A method is described for controlling blue-green
algae by bursting their gas vacuoles, used for
buoyancy, by producing pressure waves from ex-
plosive charges. The peak pressures required

(4.5 kg Cm'z) to sink algae can be achieved at

a cost of £3.25 ha'1 using lines of charge.
Adverse effects of explosive systems on trout at

pressures greater than 7.0 kg cm'2 have heen
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observed and while the method is cheap and easy,

such effects and the temporary nature of control
must be taken into account.

Mll. Monie, W. D. 1956. Algae control with copper sulfate. Wat. Sew. Wks.
103:392-397.

Description of the "D. M. Test," used to determine

the amount of copper sulfate necessary in treating
. a water body regardless of its temperature and

' chemical composition,

M12. Moriarty, D. J. W. 1973. The physiology of digestion of blue-green algae
in the cichlid fish, Tilapia nilotica. J. Zool., Lond. 171:25-39.

. Y- The cells of blue-green algae are lysed by high con-
centrations of acid (pH 1.9-1.4) in the stomach of
Tilapia nilotica. After lysis, cell contents are
digested in the intestine. Acid secretion follows

a diurnal cycle related to feeding, and thus there
is a cycle from zero to maximum digestion each day.
Some of the digestive enzymes have been studied.

}_ M13. Moriarty, D. J. W., J. P. E. C. Darlington, I. G. Dunn, C. M. Moriarty,
and M, P, Tevlin. 1973. Feeding and grazing in Lake George, Uganda.
] Proc. R. Soc. Lond. B. 184:229-319,

3 A study to determine the degree of digestion
and assimilation of algae (blue-greens) by
herbivores.

M14, Moriarty, D. J. W. and C. M. Moriarty. 1973, The assimilation of
carbon from phytoplankton of two herbivorous fishes; Tilapia

nilotica and Haplochromis nigripinnis in Lake George, Uganda.
J. Zool., Lond. 171:41-55,

Discussion of the algae assimilation rates of two
herbivorous fishes.

M15., Moriarty, C. M. and D. J. W. Moriarty. 1973. Quantitative estimation
of daily ingestion of phytoplankton by Tilapia nilotica and

Haplochromis nigripinnis in Lake George, Uganda. J. Zool., Lond.
171:15-23.

A direct method has been used to estimate the
amount of phytoplankton ingested per day by
herbivorous fish in Lake George, Uganda. The
quantities ingested are linearly related to
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*M16.

*M17.

N1,

01.

02.

03.

the weight of the fish, as given by the follow-
ing regression equations for Tilapia nilotica:
y = 271 +13.3x and for Haplochromis nigripinnis:
y = -21.9x, vwhere y is the dry weight of phyto-
plankton (mg) ingested per day and x is the wet
weight of the fish (g).

Muchmore, C. B. 1973. Algae control in water supPIy reservoirs.
Southern I11inois Univ. National Technical Information Service.

PB-226-275/6WP. 57 pp.

A literature review of alternative methods to
copper sulfate as possible controls for algal
growth.

Mulligan, H. F. 1969. Management of aquatic vascular plants and algae.
In: Eutrophication: Causes, Conseauences, Correctives. Nat. Acad.
Sci., Washington. pp. 464-482,

Review of mechanical, biological, and chemical
methods of algae control.

New Hampshire Water Supply and Pollution Control Commission. 1971. Algae
control by mixing. Concord, N. H. 131 pp.

Discussion of artificial destratification on
the Timnology of Kezar Lake.

Opuszynski, K. 1972. Use of phytophagous fish to control aquatic
plants. Aquaculture. 1(1):61-74.

Discussion of the effectiveness of the grass
carp (CtenBpharyngodon idella) and the silver
carp ophthalmichthys molitrix) in the
control of algae and aquatic weeds.

Oskam, G. 1971, A kinetic model of phytoplankton growth and its use in
algae control by reservoir mixing. In: W. C. Ackermann (ed.).
Geophysical Monograph 17. Knoxville, Tennessee. pp. 629-631.

Describes a model to predict the effectiveness
of applying artificial turbulence as an algal
control measure in reservoir management.

Oswald, W. J. 1976. Removal of algae in natural bodies of water. EPA-
600/3-76-059. U.S. Envirommental Protection Agency, Corvallis,
Oregon. 151 pp.
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Discussion of the economics and practicability
of algal harvesting with a description of the
equipment.

Oswald, W. J. and C. G. Golueke. 1968. Harvesting and processing of
waste-grown microalgae. In: D. F. Jackson (ed.). Algae, Man and
the Environment. Syracuse University Press, New York. pp. 371-389,

Discussion of the feasibility of harvesting
and processing algae.

Otto, N. E., P. M. Turner, and V. S. Miyahara. 1972. Progress report on
aquatic weed and algal control studies. Bur. of Reclamation REC-
ERC-72-35. Denver, Colorado. 67 pp. (NTIS-PR-214-643).

Laboratory and field studies report on chemical
control methods for aquatic weeds and attached
algae.

Padan, E., A. Rimon, D. Ginzburg, and M. Shilo. 1971. A thermosensitive
cyanophage (LLP1-G) attacking the blue-green alga Plectonema
boryanum. Virology. 45:773-776.

Padan, E. and M. Shilo. 1968. Spread of viruses attacking blue-green
algae and their interaction with Plectonema boryanum. Bamidgeh.
20:77-87.

Discussion of algal host reactions to the in-
fection by viruses.

Padan, E. and M, Shilo. 1969. Distribution of cyanophages in natural
habitats. 17th Congress of the International Society for Applied
and Theoretical Limnology. Verh. Internat. Verein. Limnol. 17:
747-751.

Discussion of the distribution of cyanophages
in natural aquatic habitats together with that
of blue-green algal population fluctuations.
It was sujgested that rapid lysis of the blue-
green algae is due to virogenic factors and is
not merely the outcome of decline and decay.
It is thus highly possible that cyanophages
play an important role in the cyclic appearance
and disappearance of blue-greens in nature and
thus evidently influence the ecology of these
aquatic systems.

Padan, E. and M. Shilo. 1973. Cyanophages-viruses attacking blue-green
algae. Bacteriol. Reviews. 37:343-370.
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A review of the characteristics, morphology,
and host range of cyanophage agents which
attack and lyse blue-green algae.

#P5, Palmer, C. M. 1957. Evaluation of new algicides for water supply
purposes. Taste and Odor Control Journal. 23(1):1-4.

Review of chemicals used to control algae in
water supplies.

#P6. Palmer, C. M. 1959. Algae in water supplies. y,S. Public Health
Service Publication. No. 657. 88 pp.

Brief review of algae control techniques
(Chapter 13).

P7. Panov, D. A., Y. I. Sorokin, and L. G. Motenkova. 1969. Experimental
study of young silver carp (Hypophthalmichthys molitrix). Prob.
of Ichtyol. 9(1):101-112.

The results of C-14 studies of the feeding

and food requirements of the white and mot-

tled varieties of H. molitrix at different

[ . stages of development are described. The

3 only satisfactory food for the larvae of

' these fishes in the early stages of their
development is small zooplankton, and the
optimum concentration of these forms is

’ : 1000/1iter. In addition to zooplankton,
many algae can provide good and suitable
food for the young of these fishes at the
age of 1.5 months, the optimum concentration

‘ £ being 20 mg/Titer, with a minimum of

| v 2-4 mg/liter.

e

*P8. Patrick, R., T. Bott, and R. Larson. 1975. The role of trace elements
in management of nuisance growths. EPA-660/2-75-008. Environmental
Research Technical Series. 250 pp.

R

The purposes of these studies were to examine the
effects of various kinds and amounts of trace
metals on the structure of algal communities and
their possible subsequent effect upon the produc-
tivity of the aquatic ecosystem. The results of
these experiments indicate the concentration and
form of a trace metal may have a definite effect
upon which algal species can out-compete others.
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P9,

P10.

P1l.

P12.

. P13.

p14.

*P15,

T T N

Peelen, R. 1969. Possibilities to prevent blue-green algal growth in
the delta region of the Netherlands. Verh. Internat. Verein. Limnol.
17:763-766.

Discussion of proposed techniques to control algae
in the delta region of The Netherlands.

Peterka, J. J. and J. W. Held. 1972. Causes and control of algal
dplooms in Spiritwood Lake, North Dakota. National Technical
Information Service. PB-227-675. 18 pp.

Peterson, S. A., W. D. Sanville, F. S. Stay, and C. F. Powers. 1974,
Nutrient inactivation as a lake restoration procedure. Laboratory
fggcedureso National Technical Information Service. PB-239-969.

pp.

Pickett-Heaps, J. D. 1972. A possible virus infection in the green
alga Oedogonium. J. Phycol. 8:44-47,

Developing germlings of the green alga (Oedogonium)
were found to contain particles presumed to be
those of a virus.

Pierce, P. C. and H. M. Yawn. 1965. Six field tests using two species
of Tilapia for controlling aquatic vegetation. Proc. South. Weed.
Conf. 18:582-583.

Discussion of the effectiveness of two species of
herbivorous fish as biological control agents of
filamentous algae.

Porter, K. B. 1972. Control of natural phytoplankton populations by
grazing zooplankton. Bull. Ecol. Soc. Am. 53:9 (Abstract).

Discussion of the effect of zooplankton grazing
on the species composition and standing crop of
phytoplankton. Grazers can suppress the numbers
of select algal species thereby regulating the
relative proportions of algal groups and reducing
the total number of phytoplankton.

Powers, C. F., D. W. Schults, K. W. Malueg, R. M. Brice, and M. D. Schuldt.
1972. Algal responses to nutrient additions in natural waters. II.
Field experiments. Nutrients and Eutrophication. Spec. Symp.

Limnol. Oceanogr. 1:141-154,

Bioassay experiments to determine the effects

of varfous nutrient additions on growth of
natural algal populations were carried out.
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Robinson, E. L., W. H. Irwin, and J. M. Symons. 1969. Influence of E
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Discussion of some implications of the exper-
imental results.

Pratt, R. and J. Fong. 1940, Studies on Chlorella vulgaris II. Further
evidence that Chlorella cells form a growth-inhibiting substance.
Amer. J. Bot. ~27:431-436.

Evidence is presented that indicates that Chlorella
cells produce and liberate into the external solution
a substance that tends to retard their growth.

Prows, B. L. and W. F. McIThenny. 1973. Development of a selective
algaecide to control nuisance algal growth. EPA-660/3-73-006.
Washington, D.C. 126 pp.

Discusses the results of surveying more than
100,000 compounds for properties most effective
and economical for controlling the growth of
nuisance species of blue-green algae (with a
minimum impact on nontarget organisms).

e siaemesh bl i s a3

Prows, B. L. and W. F. McIThenny. 1974. Research and development of a
selective algaecide to control nuisance algal growth. EPA-660/3-
74-019. Washington, D.C. 221 pp.

Discussion of the effectiveness of two algaecides
under natural, open-field conditions.

TN G Ll

Prowse, G. A. 1969. The role of cultured pond fish in the control of
eutrophication in lakes and dams. Verh. Internat. Verein. Limnol.
17:714-718.

e

Discussion and review of the literature on the
use of fish as biological control agents.

artificial destratification on plankton populations in impound-
ments. Trans. Kentucky Acad. Sci. 30(1 & 2):1-18.

Discussion of the effects of artificial destrat-
ification by mechanical pumping and diffused air
systems on the Timnology of two lakes in Kentucky.
The total algal counts, the counts of various
types of algae (green, blue-green, etc.), and

the number of occurrences of various species of
algae are reported.

Safferman, R, S. 1968, Virus disease in blue-green algae. In:
D. F. Jackson (ed.). Algae, Man, and the Environment. Syracuse

University Press, New York. pp. 429-439.
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Discussion of techniques to isolate and culture

:
3
3
; cyanophages.

S2. Safferman, R. S. 1973. Phycoviruses. In: N. G. Carr and B. A. Whitton
(eds.). The Biology of Blue-Green ATgae. Blackwell Scientific
Publishers. pp. 214-237.
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Review of phycoviruses and their possible ap-
plication as biological controls for algal growth.

v $3. Safferman, R. S., T. O. Diener, P, R. Desjardins, and M. E. Morris. 1972.
: Isolation and characterization ¢f AS-1, a phycovirus infecting the

blue-green algae, Anacystis nidulans and Synechococcus cedrorum.
y Virology. 47:105-T13.

Description of a virus isolated from a waste stabi-
o lization pond that infects only unicellular algae.

S4. Safferman, R. S. and M. E. Morris. 1962. Evaluation of natural products
for algicidal properties. Appl. Microbiol. 10:289-292,

A method for screening of anti-algae substances

. is evaluated with specific reference to microbial
products.

S5. Safferman, R. S. and M, E. Morris. 1963. Algal virus: isolation.
’ Science. 140:674-680.

Freshwater blue-green algae of the genera
Lyngbya, Plectonema, and Phormidium are
susceptible to a virus recently isolated from

a waste-stabilization pond. Electron micro-
graphs of a partially purified preparation show
that the viral particle has an icosahedral
structure about 66 um in diameter.

S6. Safferman, R. S. and M. E. Morris. 1964. Control of algae with viruses.
J. Am, Wat. Wks. Assoc. 56{(9):1217-1224.

Discussion of algal viruses as a possible control
technique for blue-green algae.

S$7. Safferman, R. S. and M. E. Morris. 1967. Observations on the occurrence,
distribution, and seasonal incidence of blue-green algal viruses.
Appl. Microbiol. 15:1219-1222,
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Phycovirus populations were found in 11 of the
3 12 waste stabilization ponds studied. These
populations were comprised solely of hlue-green
algal (BGA) viruses. Two virus types were
observed, one of which was related to the pre-
viously reported LPP-1 virus. The incidence
and magnitude of the LPP group indicated that
several of the ponds supported well-established
) BGA virus populations of this type. Counts as
b3 high as 270 plaque-forming units/ml were noted;
) however, marked differences in the nature and
magnitude of these BGA viruses were apparent
even in geographically related ponds of sim-
ilar design. Of the algal strains found
dominant in these ponds, none was of the type
reported susceptible to the LPP viruses.

*$8, Safferman, R. S. and M, E. Morris. 1977. Phycovirus bibliography. EPA-
600/9-77-008. Cincinnati, Ohio. 18 pp.

The volume comprises a comprehensive survey of
the phycovirus literature. It covers the period
from their isolation to the present time.

$9. Safferman, R. S., M. E. Morris, L. A. Sherman, and R. Haselkorn. 1969.
Serological and electron microscope characterization of a new group
of blue-green algal viruses (LPP-2). Virology. 39:775-780C.

Description of a new LPP class of blue-green algal
viruses distinguishable from LPP-1 virus in its
failure to cross-react serologically. The average
edge-to-edge distance of head capsides of the LPP-1
viruses measured 586 + 278, The general morphology
§ of the two classes was indistinguishable.

"

S10. Safferman, R. S., I. R. Schneider, R. L. Steere, M. E. Morris, and
T. 0. Diener. 1969. Phycovirus SM-1: a virus infecting uni-
cellular blue-green algae. Virology. 37:386-395.

Describes the purification of a new blue-green
algal virus SM-1, which infects only unicellular
forms. The new virus appears to be a polyhedron
with no obvious tail and with an average diameter
of about 88 um. Several characteristics

indicate that this virus is distinct from the
blue-green algal virus LPP-1.
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*S11.

s12.

S13.

Si4.

S15.

Sailer, R, 1. 1975. Principals and techniques of hiological control.
In: P. L. Brezonik and J. L. Fox (eds.). Proc. Symp. on Water
Quality Management Through Biological Control. Univ. of Florida,
Gainesville, Jan. 29-31. pp. 8-14.

Sanville, W. N., A. R. Gahler, J. A. Searcy, and C. F. Powers. 1976.
Studies on lake restoration by phosphorus inactivation. EPA-600/3-
76-041. Ecological Research Series. 53 pp.

Evaluation of the nutrient inactivation tech-
nique to control excessive eutrophication.

Sawyer, P. J. 1970. The effects of copper sulfate on certain algae
and zooplankters in Winnisquam Lake, New Hampshire. Completion
Rep. Proj. No. A-004-NH, Water Resour. Res. Cent., Univ. of N. H.
29 pp.

Description of the effects of copper sulfate on
certain algal and zooplankton populations in
Winnisquam Lake, New Hampshire.

Sawyer, P, J., J. J. Gentile, and J. Sasner. 1968. Demonstration of a
toxin from Aphanizomenon flos-aquae (L.) Ralfs. Can. J. Microbiol.
14:1199-1204."

A potent toxin was extracted from a natural pop-

ulation of the blue-green alga, Aphanizomenon
flos-aquae. The toxin is thermo- and acid-
stable; alkaline Tabile; soluble in water and
ethanol; insoluble in acetone, ether, and chlor-
oform; and readily dialyzable. Preliminary
studies show that the alga contains a toxin that,
when released from lysed cells, operates at the
membrane level, destroying excitability without
alteration of the transmembrane resting potential.

Schulte, T. L. and R. T. Lackey. 1973. Effect of rate of water discharge

on phytoplankton in Claytor Lake, Virginia. Proc. 27th Conf.
Southeastern Assoc. Game and Fish Comm. pp. 402-414.

Description of a study to determine the effect

of water discharge on reservoir phytoplankton.
Number/litre, areal units/litre, average cell
size, and chlorophyll a content were used as
measures of phytoplankton abundance. Rate of
water discharge had an adverse effect on res-
ervoir phytoplankton during spring and summer.
ATthough increased rate of water discharge caused
increased phytoplankton loss, the adverse effect
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S17.

S18.

S19.

q s20.
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of rate of water discharge on reservoir phyto-
plankton populations was probably at least par-
tially due to additional discharge of nutrients.
The inverse relationship between rate of water
discharge and reservoir phytoplankton populations
decreased in the uplake direction.

Schuytema, G. S. 1977. Biological control of aquatic nuisances--A
review. EPA-600/3-77-084, Ecological Research Series. 101 pp.

Includes 532 references on biological control
of macrophytes, algae, fish, and insect popula-
tions.

Shapiro, J., V. Lamarra, and M. Lynch. 1975. Biomanipulation: An
ecosystem approach to lake restoration. In: P, L. Brezonik and
J. L. Fox (eds.). Proc. Symp. on Water Quality Management Through
Biological Control. Univ, of Florida, Gainesville, Jan. 29-31.
pp. 85-96.

Shane, M. S. 1971. Distribution of blue-green algal viruses in
various types of natural waters. Water Research. 5:711-716,

LPP blue-green algal viruses have been isolated
from rivers, streams, lakes, farm and residential
ponds, oxidation and stabilization lagoons, and
industrial storage waters. Results of this survey
showed that the virus is widely distributed in
nature and is stable throughout the year in three
oxidation ponds examined in the Delaware-Maryland
area.

Shane, M. S., R. E. Cannon, and E. DeMichele. 1972. Pollution effects
on phycovirus and host algae ecology. J. Wat. Pollut. Control

44:2294-2302.

A comprehensive ecological and chemical study

of the Christina River from its source to 1 mile
(1.6 km) above the mouth is reported herein in

an attempt to correlate pollution and the presence
of LPP viruses and host algae.

Shilo, M. 1970. Lysis of blue-green algae by myxobacter. J. Bacteriol.
104:453-461.

Description of the enrichment, isolation, and
characterization of a myxobacter which lyses blue-
green algae and the mode of lysis.
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S21.

s22.

s23.

S24.

$25.

Shilo, M. 1971. Biological agents which cause lysis of blue-green algae.
Mitt. Internat. Verein. Limnol. 19:206-213.

Discussion of the possible role of viruses and
bacteria in lysing blue-green algae, the spectrum
of biological activity, their distribution, sea-
sonal fluctuations, and use as biological control
agents.

Shilo, M. 1972. The ecology of cyanophages. Bamidgeh. 24:76-82.

Discussion of the ecology of cyanophages and their
interaction with blue-green algal blooms and the
practicability of biological control.

Sitls, J. B. 1964. A report on the use of Karmex to control filamentous
algae in fish ponds. Proc. Ann. Conf. Southeast Assoc. Game and Fish
Comm. 18:474-479,

Several chemicals that have been used in fish
culture for the control of filamentous algae are
discussed. Their effects on fish and fish-food
organisms in ponds are reviewed.

Results obtained from applications of Karmex to
26 ponds are presented. Data show that Karmex
was effective against several forms of filamen-
tous algae at rates above one half pound per
surface acre. Rates up to three pounds per
surface acre had no adverse effects on fish or
fish-food organisms.

Singh, P. K. 1974, Isolation and characterization of a new virus in-
fecting the blue-green alga Plectonema boryanum. Virology. 58:586-
588.

Isolation of the first long, contractile-tailed
virus infecting Plectonema is reported. The virus
has the shortest Tatent period of the known blue-
green algae viruses.

Singh, R. N. and P. K. Singh. 1967. Isolation of cyanophages from
India. Nature. 216:1020-1021.

Discussion of cyanophage attacks on blue-
green algae.
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*526. Sirenko, L. A., P. S. Vovk, A. YA. Malyarevskaya, and T. I. Birger. ’
1976. Control of eutrophication of the Dnieper Reservoir by algae f
removal and herbivorous fishes introduction. Limnologica. 10(2): D
603-606.

Discussion of the effects of fish harvesting
on the algae community.

$27. Sladeckova, A. and V. Sladecek. 1968. Algicides-friends or foes. In:
D. F. Jackson (ed.). Algae, Man, and the Environment. Syracuse Univ.
Press, New York. pp. 441-458,

Compilation of literature dealing with the control
of algal blooms and heavy growths of filamentous
green algae. Special attention is given to European
papers.

e

$28. Stefan, H., T. Skoglund, and R. 0. Megard. 1976. Wind control of algae
growth in eutrophic lakes. J. Env. Eng. Div., Proc. Am. Soc. Civil
Eng. 102(EEG):1201-1213.

Review of reasons for algal blooms in lakes and
suggestions to control algae.

S$29. Stewart, J. R. and R. M. Brown. 1969. Cytophaga that kills or lyses ;
algae. Science. 164:1523-1524. 3

A myxobacterium (Cytophaga N-5) isolated from
sewage kills or lyses an array of living green )
and blue-green algae. When assayed with Nostoc '
muscorum or Plectonema bhoryanum, plaques form
. Tike those caused by the blue-green algal virus 4
; LPP-1. This isolate lyses or inhibits mutually ;
Gram-positive and Gram-negative eubacteria.

Water Qual. Control Bd. Publ. No. 34., State of California. 188 pp.

#530. Stewart, K. and G. A. Rohlich. 1967. Eutrophication - a review. State i

S$31. Stewart, W. D. P, and M. J. Daft. 1976. Algal lysing agents of fresh-
water habitats. In: F. A. Skinner and J. G. Carr (eds.). Micro-
biology in AgricuTture, Fisheries and Food Symposium, Series #4,
Academic Press, New York, pp. 63-90.

i NDiscussion of the viruses and bacteria (including
actinomycetes) which occur in aquatic habitats as
pathogens of the prokaryotic blue-green algae. The
various algal lysing agents are distributed widely
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in freshwater and marine habitats, and the avail-
able evidence suggests that they may play an
important, but as yet poorly understood, role in
regulating growth in aquatic environments.

$32. Symons, J. M., J. K. Carswell, and G. G. Robeck. 1970. Mixing of Water
supply reservoirs for quality control. J. Am. Wat. Wks. Assoc.
59(10):322-334.

Discussion of results of artificial aeration
on water quality in reservoirs.

$33. Symons, J. M., W. H. Irwin, E. L. Robinson, and G. G. Robeck. 1967.
Impoundment destratification for raw water quality control using
either mechanical - or diffused-air-pumping. J. Am. Wat. Wks.

‘e Assoc. 59(10):1268-1291.

Discussion of the effects of artificial destrat-
ification on water quality in reservoirs.

Tl. Tassigny, M., and M, Lefevre. 1971. Autoantagonism, heteroantagonism
. and other consequences of the excretions of algae from fresh or
thermal water. Verh. Int. Verein. Limnol. 19:26-38. (English

summary: Algal abstracts)

Different species of algae compete directly
for nutrients or indirectly by the produc-
tion of substances that inhibit the growth of
competitors (Heteroantagonism). Lefevre also
recognizes autoantagonism, the inhibition of
the growth of species by its own excretory
products. Certain algae in culture reach a
stage where growth ceases although there ap-
pears to be no lack of nutrients and growth
cannot be restarted by the addition of nutri-
ents. It is observed in nature that, as one
species becomes particularly abundant, other
species become scare. When the abundant
species declines, the others resume active
multiplication. Experimentally, it was shown
that species cultured in the water feeding a
certain canal flourijshed, whereas those
cultured in filtered water from the canal,
where there was a large population of
Aphanizomenon gracile, did not. Bacteria and
fungi were eliminated in a dense population
of an alga, and heteroantagonism was demon-
strated in the laboratory with strains
cultured free of bacteria and fungi. The sub-
 stances produced by some species occasionally

- em—-
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T2.

T3.

*Ul.

vi.

v2.

v3.

Telitchenko, M. M., G. V. Tsytsarin, and Ye. I. Shirokove. 1970. Trace
elements and algal "bloom." Hydrobiologia. 6:1-6.

b vt i

stimulate the growth of others. The effect
of one species upon another varies according
to the medium.

It has been established that the algae Aphanizomenon
flos-aquae and Microcystis aeruginosa (Cyanophyceae)

Toetz, D. W. 1977. Effects of 1ake mixing with an axial flow pump on
water chemistry and phytoplankton. Hydrobiologia. 55(2):129-138.

U.S. Environmental Protection Agency. 1973. Measures for the restoration
and enhancement of quality of freshwater lakes. FEPA-430/9-73-005. s
Washington, D.C. 238 pp. ?

Venkataraman, G. S., B. D. Kaushik, G. Subramanian, S. Shanmugasundaram,
and A. Govindarajan. 1973. Cyanophage AC-1: a phage infecting
unicellular and colonial blue-green algae. Current Sci. (India)
42:104-1065.

Verigin, B. V. 1971. Results of work on acclimatization of Far Eastern
phytophagous fishes and measures for their further assimilation and
study in new regions. (Sport Fish. Abstr. 14417, 1972).

Vestnik Akademii Nauk. USSR. 1970. The use of herbivorous fish in fish
farming and the weeding of reservoirs. 11:26-30. (Sport Fish,
Abstr. 14055, 1971).

S s b e el A~

concentrate 18 trace eTements from water, one of ;
which is copper. When copper stocks are exhausted f
the bloom of Cyanophyceae in the body of water
ceases. Repeated blooms are noted only when the
water is enriched with copper by the death of the
previous generation of algae. It is therefore con-
cluded that the bloom should not be combatted by g
treatment with copper sulfate.

Describes the changes due to total lake mixing with ;
an axial flow pump on the algal biomass, species 4
composition, and limwlogy of two Oklahoma lakes.

NDiscussion of the progress on acclimatization
of phytophagous fishes.

Discussion of research needs and present knowledge
of herbivorous fishes.
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Vigon, B. W. and D. E. Armstrong. 1977. The role of silica and the
vernal diatom bloom in controlling the growth of nuisance algal
populations in lakes. OWRT-A-061-WIS. Washington, D.C. 126 pp.

The role of the vernal diatom population in the
removal of P and Si from the lake water was eval-
uated for Lake Mendota, Madison, Wisconsin, in 1974.
The results of the investigation show that the
vernal diatom population can substantially reduce
the amounts of P available to support the growth

of nuisance blue-green algae during the summer.

Walsby, A. E. 1970. The nuisance algae: Curiosities in the biology of
planktonic blue-green algae. J. Soc. Wat. Treat. Examin. 19(4):
359-373.

Methods of controlling blue-green algal blooms
are discussed.

Walters, P. A., E. A. Abhot, and A. J. Isquith. 1973. Algicidal
activity of a surface-bonded organosilicon quaternary ammonium
chloride. Applied Microbiology. 25(2):253-256.

The hydrolysis product of a quaternary amine-
containing organosilicon salt, 3-(trimethoxysilyl)
-propyldimethyl octadecyl ammonium chloride, was
found to exhibit algicidal activity while chem-
ically bonded to a variety of substrates. Six
representative species of Chlorophyta, Cyano-
phyta, and Chrysophyta were used to evaluate the

algicidal activity. Substrate-bonded, 14¢.1abeted
organosilicon quaternary ammonium salt when at-
tached to nonwoven fibers was durable to repeated
washings, and algicidal activity could not be
attributed to slow release of the chemical.

Welch, E. B., J. A. Buckley, and R. M. Bush. 1972. Dilution as an algal
bloom control. J. Wat. Pollut. Control Fed. 44(12):2245-2265.

Discusses the effects of diluting lake water with

low nutrient water on the growth rate and maximum
biomass of nuisance blue-green algae.
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W5.

*W6.

Williams, L. R. 1975. Heteroinhibition as a factor in Anabaena
flos-aquae waterbloom production. In: Proceedings: Biostimulation
and Nutrient Assessment Workshop. EPA 660/3-75-034. Ecological
Research Series. pp. 275-317.

Wilson, C. G. 1977. Method of controlling growth of aquatic plants.
Official Gazette of the U.S. Patent Office. 961(3):1240.

NDescription of a method for controlling the growth

of aquatic plants in a body of water by coloring

the water with a blue pigment. Light is absorbed

by the pigment in the wavelength around 6500 Angstroms
which is used by plants for photosynthesis.

Wixon, B. G., D. E. Modesitt, P. H. Cheng, and W. H. Zachritz. 1977.
Control of algae in lakes, lagoons, and small reservoirs with
biogrowth partitions. National Technical Information Service.
PB-270-775. 60 pp.

Research was carried out on the control of algae
from small Tagoons through laboratory and field
studies of man-made biogrowth surfaces for removing

or controlling algae.

53

% n O,

g

SDPPRFRFTREI T S5 PN 3




BRI A i

«*Aydeaboy 1qig PaIRIOULY, *3IXAT UIRW I JO A 484 O} puodsausod SIdIu] o

] {panut3uo))
- 2l W *Apn3s J4apun *palu0dad SISNILA ebie uadig Kao3ed0qey SNU LA
$13549049
S}pashoeuy
oLs ‘2e *Apn3s aapun ‘sebje paski SN220504J9UKS Aa03040q07 1-Wys 2beydoueky
625 ‘veS eAqbuiy
‘61S ‘8IS ‘65 ‘IS Gnjpjuioig
) ‘G5 ‘24 ‘Id ‘10 ‘22 -Kemuapun Apnis 4ayiuany ‘aebie pasky wnuekJoq TWaU03Id|d Aaojedoge dd1 abeydoueL)
r., N 1
s . & ‘v ‘Y *Apn3s uspun wnaod3snu 203504 Aao3ea0qe] 1-N @beydoueA) ~
i
’ LN .
B (K “18 “l€S ‘2gs ‘1es
. 95 *pS ‘€S ‘25 ‘IS '
oL ‘fd *td 6% ‘8a ‘9 «(Apn3s Japun) aebie
& ‘10 *£9 'sa ‘13 ‘vid uadb-an{q 403 [043UGI P paysabbng aebie vaaub-anig .- SISNULA
-
. *(Apn3s sapun) sa(rads siyl jo woo(q ..
-4336M 3Y3} JO UOLIBULUMIY AYF SdjeLNbaL }
SNALA S1YD 3eY3 35966Ms |~dy abeydourekd UIPIMS ;
1 §9 BU§4and00 A([R4NILU Y] O SUOLIRALIS]D 3enbe-50(3 UCUIWOZ IUBYTY ‘uaydl ey SasnJ 1A .
S i
] -ge6(e 343 30 wWoo(q i
L0 ? ULYILM PalJodad seade pauaral] eSOUIBNJBe S}35A0043 1y spuejJayjaN ‘aje] S3SNJ IA ’ §
i *(94n3eJ93L| dY3 U} pajuodau
3 “ Juawieady aye|-u} ALuo) sabeydoued> p
. Buifeads jo 3|NSa4 e se pask|
' 6d 343M swnds bButuaoy debe udsub-anyg aebie uaaub-an|g yssn taye SasnuLp u
: S3sNAlA b
1]
» SINIYIATY SUVWIY 0 SLMNSIY W31804d NOILVION SINDINHIAL .

suaboyed - Lo4a3uo) (edtbojotig

PR Rt

SINDINHIIL INIWIDVNYW ONY T0ULNOD V9TV

e

'V XION3ddY




{
i
(panujiu0d)
vraaeydsoyd
¥ suoije|ndod wnwixew 3yy JO IZLS vouswoz jueydy
o’ 112 ‘ol) 67 ‘89 3y} aseaunap J4o Ae|ap Aew sajiseded PLA03R| (150 “S135A%0J40L) 12143540
% L9 *92 ‘§0 ‘td ‘gl 359yl 3I'Y) pa3sabbns suoL3ILA43SqH mxnm=H4 “ePuaeqeuy sayey ysiibul tbuny
. TONNS A
aeb|e uaadg
*3eb|e asayl wnueA10q PwaU039 | d |
625 pasA| 40 PaL|iy €L433I8q SLy) WNA00SNW 30350} Aa03e40qe] ebeydoiks
.
'
i *aebe uaduab-an|q 4e|n|331un
: pue SNOJU3WR| L4 SO S3LIads Auew €51 1 oad 2L403R[ {1050
028 SuLsA| J0 ajqeded sem eLu433deq YL ea{apul | KD Puseqeuy Aaojedoqe ?143300g .
: (.
*S| 132 aAi13e3abaa )
99 asA| ©1J42300Q SLY] wWOJy SIDULISYNS St enbaul eusaeqeuy Ki03040q0] OLIQLAL (3]
eSouLbnJae $13545040t) n
aenbe-so0 |3 :o:wEON.ca;mK ;
«Apn3s 4ayjJang Japun  ~A1333{dwod SL{RULIALD Y
20 pue Ayyd1nb pask( auam aeb|y enbe-so |4 euaeqeuy Au03040Q27 el4330eg
*(Apnis aapun) saLoads
12s SNOJUBWE | |4 PUR JB|N||221Un PIsSA] aebie uadaab-an|g A403040QR7 J330eqox Ay
*(£pn3s Japun) juabe SNIOAOL1330eq
L18 918 °Si8 1043U0D 3ALIIB449 Ue Se |eL3udlod sey aeb|e usaub-an|g As03040Q07 OLJQLAQ] |3P]
[IEETRIT] .
SIMNIYIANY SHYVWIY ¥0 SLINSHY W31803d NOI.1V207% SIDINKIIL ’

(panuLjuo)) suaboyied - [043u0) testboqorg

(panui3uo)) SINDINHIAL INIWIOYNYW ONV TOYINOD IvDTY




LLOR N

(panutiuo))
*{Apn3s
a9pun) uojyueidojAud 3o uoissaaddns He.csmnau
vld JUed131ubLS puR UOLIONP3J 3ALIID|3S aeb|y xRy - NS o uojjue (dooz
“uoQued pajsabut snuy ek
ay} 30 %08-GE 23Ie|iwisse ued epuedn S LTELF T ETT
(A1} pue ebje usaub-an|q 343 sysabu] S135A9040 14 “abs0an e podado)
ejosauuty ‘yining (s434130¥)
1K *ApNis J4ayiung Japuf PLYyd143030(9 ‘axe yst4 uojyue |dooz
P|loutpunJly Wnijeady
SINU@3 ©LA03R|[1IS|
S9pLoajds eudeqeuy eiutbatp ‘puowydtLy
69 *(Apnas Jdpun) [043u0d SE paisabing B L2U0LJ4IISY ¢a%ey uoIdWeYISIMK uojue jdooz
NOLINYI300Z
“SwojeLp 4o
s3jjLiuent abie| pawnsuod (BYILAIAXQ eaipd P1YdSZILN -
€19 pue UGPOLY)) SIIBLLLD ULRIII) B1eYdadtp BLRILARY Kao3e00Q87 sajeL[y <
*Aemaapun Apnis
J4ay3ang  coebie uo Laud 03 A31ytqe
6H 3y} uL £13e34b paJajyLp SuROZO0Md PudRqRUY Ka03e40q07 aeqaouy
*Apniys Ksojeuoqey
Japup  *ae6]e 3duesinu 4o swooyd KJogea0qe]
403§ 043U03 (eunjeu @ sE pajsabbns pue ‘et654039
610 v sem eqaowe snuoydobie 30 Isn Ayl €51UG70uR |d euIeqRUy taatuey Aaupti§ el ILGAOWY
cuaiiey
-ndod (eb|e ay3 uL Iseauddp pided 32141810
2 e AQ pamo||0j UDI0 UOLIRISBHU] S135AOL | |2WdY saye] ystbul €20dS0pansd
V0201034
SINIYIIY SYYYWIY ¥O SLINSIY W31808d NO11¥J01 SINDINKIZL

uoL3epadd pue Buizesg - 1043u0) (©I:60(0L8

(panu(3u0)) SINDINHIIL LNIWIOYNVW NV 0YINGD VO

S e e




(panuy3uoy)

T Y T S

€A

SIN ‘YU ‘ElW ‘ZIN

*3sn 404 pa3Isabbng

symoab [ebie
BUL11043U0D UL IALII4au) K| (@4audg

*PITL|LWISSE UOQUED 3YI JO 208-0/L
pue paisabip aeb|e uIub-anig

aeb ¢ pue Spaan

Uok331 poIpKi

ussn
*saamo) Buy100)

pue{od ‘messen
*Spuoy

epuebn

‘abaoag ayeq

PIUJO}L| 0D
‘sayel 409|) pue an|g

daed 4anlls

® (O]t
UOpOBuUAJ#ydoudl)
daed sseus

daed 4aAlLS

daed sseuy

S ::msm:
$1w0dg30|dey)

e (80130 }u
eydey1) eideyy

(Suzpne eipiuan)
SIPISIIALLS 1ddISSISSLN

Ad

[Tk} BALSN| O] aebe ouoyue |y
*paisabip 0N USOUIBNaa® S135A2045 N
«paysabip 304 PNDE-SO|J eudeqeuy
*pa1sabyp Klaauy T1%540Q(0e4 S|sdoudvqedy daed J49A
6\d *paisabip A(3a44 SwojPLg sayey pue sdds :w:r—
S{|1GPI4PA PUIBQEVY
*paje|bwisse S9p1041ds Puakqeu ¥ssn
€A “Ud pue pajsabui auam aebie ayy aenbe-so| 4 uoudWOZ Luey “spuod ejuduiJadx] daed 4drLiS
T1ypaebe ©1J038] {1950
+dds vuaeqe
*Bu DU IN0D S34PN3IS enbe-50]1} uOuUDWOZu® assn
928 *aeb|e udaub-an|q paje|wissy esou|bnaae s13SAJ0LD LN “4;0A43SIY 43ddiug daed A4S
3 ZA *1043U02 pasodoay uoNueR |d03kud assn daed J3A1S
HS14
SINIYIAN SHUYWIY WO SLINSIY W31804d NOI1VI01 SINBINKIIL

(panuy3u0]) uvo1epadd pue bujzedy - 1043u0) Le21 60018

{panu13u0)) SINDINKHIIL INIWIDVNVIK ONV T0UINOD 3VOTV

I

RNy

. -




e

(panuiauog)

8ld

d

€0 910 *s1) ‘r1d

Asuaby ajels

£ld

vy

{a

6ld

£a ‘6id

*Buinui3uod s34pnis
*SUOLILPUOD {BIUBILOL [AUD MU 3y
yiiM 3dod 03 3|qeun SBM SRUOWOJYIQ

*(Apnys Japun) paipnis SRUOWOJYI) JO

'$3199dS |RJ2AIS 3Y3_jo yoe1le SIf Uy
SNOLJB40A ISOW SPM S| [PAG SPUGWOJYI()

«Apn3s Japun *|e}uajod sey

“PAYS juanj 0N

*[043U0D D] {39%]

*(6uLnuiu0d $3IPNIS)
ef1e Buj||043u0d Ul 3ALIIH]

BALSN|OU0DU]

(3400 Jad

s6u} {4abu14/005-001 :4St3 JO
2304 Buiy203s) P3| (043U00 343M debiy

*3sn 404 paisabbng

*IALSN{IUOIU]

TS0u BN 5[35K30401N

¥SGu|BNJot §}35A00404K

¥SOUIBNJSE S} 1SAJ040 W

aeh |y

¥I04dous 1

WA U0 | 507 Ly
2aABOI 13

aeb |y

2aKb041dS ‘PII3TIN
e4RY) ‘P4OYGOYILd

aeb|e 2tuojjue(d pue dLyjuag

swoo(y 3¢ |1268130u10

spuod |esnjey

Aa03040q0

Kaojeaoqe

oyep *tung

*sujeap Aa3ydieq

e164029 “yamsunag
“spuogd

eweqe |y ‘uangny
*siood 01343134y

|aeas]
“q243uuiy e

sesueNay
‘saxe{ pue Spuod

saNe| JIIBM ySLYORAG

|9R4s]
‘3aa9uuly el

(®3yuep

SeUOWoAYd() by

{e5yuep

SeuowoaydQ) aebiy

(®51uEp

seuowoayd() aebly
VoV
gideii]

Tina|dougjou ¢ide
Tk

(V3]
(€anajdoue {ou <
eide|L])
eide| i3 obuo)

( eaune erde| )
eidey§y anyg

e
uopobuXieydoual))
ANWP 33 14M

*dds Tibny

{sn _agmou 1157}
ELAIL ]

[CITDESE

SIN3IYI4

SHYVWIY ¥0 S1MS3Y

SWI180¥d

NO14v301

SINDINHILL

(panuiu0)) uo|IRpPILg pue buizeay ~ (043u0) |edi60|0\g

(Panu}3u0)) SINDINHIIL ANIWITVNVM ONV WOUINGD VI

Yo




(p3nuijuol)

olg

£

LH

b4

9H

*s3123ds sno

-1dRA 4O Swoo|q [ebjeiun L|aaL3e|d4 jo

Ju3wdo |3Adp 3y} ul J03dej Juejuodul ue

aue $32ueIsqNs Au03Lqlyu] +sudaub-an|q
YA P3ANIIND UIYM PAILQIYuL  sem deb|e
uddub jo saldads |eU3AdS JO YMO04b 3y)

*Swoo[q 4alem Jo A60(033
3y} padUAN|JuUL SUO|IBLIAS A403LGLYuL
paonpoad-ieb|e 3ey3 paAsasqo sem 3]

*aefi|e
ud34b snojuawe(ls pue spaam dljenbe
udaM3dq $3SEX3 A3LALIDR D13SLuobejuy

*suotae|
~ndod uojjyue|doifyd uodn 308348 Ku03
-1qiyut jueatyiubis e pey sajkydoadew
30 SYMo4b 3suap ey3 paAdasqo sem 3]

*A3Lunuwod 3y} uj

aebe 43y3o ;0 yimoub 8yl siiqLyul pue
UOLSIALP {190 SjulAB4d 31 ‘u0L3RW.04
woO [q S3} U} 403084 juelJodwl ue 3q 03
saeadde eb|e sLy3 Aq pajaudas punodwod
dlyjedo|a||e 40 Au03LqQLyuioadlay y

*say|ddns

J433eM Ul aebie aduesLnu 30 yMoub
BIPULWLIISLPUL Y] |04IU0D 03 poy3aw
e uo 3ybLL pays (LM s31pnis asayl
jey3 padoy S 31 *3eLIDLDI0A|0A Y3

40 SUdqwAw 3SOw 3O YMoJb 3y 3iquyul

aebje ulauy

aeb e udaub-an(g

eaoydoyat
eaoydope )

uojjue [do3hyg

aenbe-s0(j cuseqeuy

Auo3ed0qR]

saje| {eanjey

Aaojeaoqe

ULSUODS LY
“spuod [ejuduLuadx]

puod Apn3s
pue Auojedoqe]

S4031QLYut ymMouag

SJ0ILQLYUL YImM0d9

S4034QLYUL YMouD

$4031qLyu} ymoug

S403LQIYUL 4IMOUY

983I0I0A|0A
Kq pasnpoud

‘GH ‘PH “CEH ‘Z2H “LH aeb|e asay3 Aq pasnpouad sadjuelsqns 3eb |y Kao3eaoqey SJ0LQLYUL YIMoun
*SJ3Y3)0 pue S3133ds S1yY3
s31qLyul STIEGINA B[[340(y) Aq paonp
9ld -04d 2dueIsqns Dui3Lqlyul-ymoub ayy aeby Kio3edoqe SJ40TLGLYUL YIMO4g
SINIY3ISNY SHYYW3Y ¥0 S1INS3Y W31904d NOILlY201 SINDINHIAL

uoije|ndiuewolqg - (043u0) |edtboloLg

(panut3uo)) SINDINHIIL INIWIDYNYW ONV TOYINOD VO

AL N

w0
L9

~ . .

P




(panuyquos)

*43uwns 3y3 butunp
aebe usasb-an|q aouesinU O YIMO4b
ay3 j40ddns 03 a|qe|eae snaoydsoyd
$0 sjunowe 3y3 adnpaJs A||ejjueisqns
ued SWO3RIP 4O poLudd YMOUB [EDL31uD
Y3 Bupanp SaA43saL POLLLS PIALOSSID
A ay) bujpjuswbne jeyy pajysabbns sy 31 aeb|e udsdb-an|g pasodoud uoyje(ndiuewolg

‘wootq udsub-an(q Jauuns

aje| juanbasqns ayjy 3iqLyul pue *ads3uals
SWojeLp 8yl udyM uoLuwy | 1dd Byl up 33y
$|9A3| JUILUINU ISBILIBD ‘UOLILHIWOP WOIELP 3O
poLJad 3yj 3aseaJdu} UBYJ PINOYS S04 Yang
«3eb|e uaaub-an|q 3ay3 Aq pasnpoud sai)joqel
-3w A4031qiyu}l BuLuLewdd YT 40 323449 3Y3
U3SS3| PLNOM pue SUMO) d|Qe4LS3P J43Y3I0 3OS
pue y3moub woOIRLP IDURYUD PINOM BIL|LS

3yl “ed||iS 40 UOLILPPR Y3 AQ YIMoUb
wojelp buiuds sdueyud pue ajey|ns

43ddod y31M swoo |q udasb-an|q J3jum

[ IR B '] djeulu} |@ 03 3Q plnom AB3IL4IS |04IUO) aeb|e uasub-an|g pasodosd uotjendiuewolg
=

*padnpaJ uaaq aaey eubew
eLuydeg uUC SNOJOALUJRD S3J0ALFjue[dooZ

ALy 439340 u43|1043u0d |eb|e ue Se palsabbng 3ebly Kao3ed0qR] eubew iuydeg
*uo3yuedojhyd
3WNSUOD pue 3seaudul 03 uoljue|dooz

LIS Pa3133|3s MO [P 03 sueaw Se pajsabbng aebiy AJao3jea0qe YSty SNoUoALyuedooz
*uoljue |dooz

LIS 3SPIUIUL 03 sueaw @ Se paysabfng Jeb iy Aao3e40qR] ploe dLu3yjlojueq
*Hd Buius
-M0| Aq paseaud3p Ajudnbasgns aehie
pue pasedudui 3q ybiw uvoiyueidooz
*suaJ4b 073 SUIIU6-3N|q wWouy suore|n
~-dod e6le 331ys m—o; WbLw saoueasqns

LIS 43430 40 N—u 40°“0) ¢ |JH 40 SUDLILPPY aeb|e uaaub-an|g Ka03ea0qe uotjesajje wd

SIINIY343Y SAYVWIY ¥0 SLINSIY W37904d NOTLYION S3INDINKHIIL
(panuLiuol) uorjejndiuewoig - (043u0) jedibojolg
(Panu1luo)) SINDINHIIL INIWIDYNVYH ONY T0WINOD IvITY
. . -
A
*
- LY -l . - Y ] Ll-l




PG ERy SN

(panutjue))

<1043u0> (ebje uaaub-an|q 404 aebie
JudWyDL4us @315 Aq $3L3i|lqeded uda4b-3n1q J3yjo puP JUOWUBA ( pasodoud}
Aouaby 93e3S 9A431123dwod WOARLP 40 JudWddURYUI SuPSagnd elA03e{{19sQ ‘ajel s, Kaadey UAUWYDILAUI BILLLS

+swo0|q 12610 udlab-an|q 3IPULWL|3 4O jOJY
-uod Aew S3RR| 3O UOL3IEDLILPLIE piiuw eyl
paisabbns sy 31 *(g 40 G HA) S4aIBM J1p
-120 A|pL}W UL uoUODUN PuR G 40 { ueyl
$SI| S} HO Byl YOIuM U} SIPILGRY wo.d}
PAT:| Ju3sqe A1339dwod aJe ebje uazub-an|g aebe uaaub-an|g pasododg UOLIROLJIPLIO® DLW

SIONIY343Y SHYVWIY ¥0 S1INS3Y W31804d NOILYI07 S3INDINHI3L

(panu13uo)) uoije(ndiuewolg ~ [043u0) (eatboo1g

{panut3u0)) SINDINHIIL INIWIOYNVK ONV T08INOJ VIV

-l




(panugiuoy)

+(eptatbie 2S0UIBNaae $435A0040 I
LL3 943M (| /Bw p°0-50°0) 40 SuUOLILJIUIDUO) BSOPLOoUaJAd P [340(UJ Ka03e40q07 ajey|ns aaddo)
: “|eI1WdYI 3Yy3 03
IouURISLSIL 3|qissod e buirysabbns sjuaw
-38347 DALSSIIINS 434e DIU63p 43SSI| ©
07 padnpaJs sem eH|e Iyj sased souw U
*skep gz 03 dn 4oj sSn3e3}s pajjoJaIu0d @
03 suoiie|ndod ay3 paanpas (| /6w 800 eweqe |y ‘uangny
029 -G0°0) SUOH3ILAIUIDUOD aleyNS 43ddo) ©SOULDNA3E S{3SKO0ADLH ‘spuogd (asid) 3384 (NS a3ddo)
€8  °1/bw g9°Q 0 SUOLILJIUIDUOD 3@ [ePLOLD|Y WNINUIGIaded WNIISeUI|aS Ka03e40q07 wniupe)
T €4 *L/bw 0/°Q 30 SUOLILAIUAIUOD 3B {epLoLb |y WAINUA031aded wnajseua|as Kao3jesoqe w7
:
€4 °L/Bw 0g°0 3O SUOLIRAIUIDIUOD 3B [epLaLbly wn3nu10d1aded wnaijseud|as As03040G0Y 43ddo)
| <
] *3ebe 3ddsuesinu ULSUODS LM
oV 9y} pajeulw}|d JUBWIRBLT |@DLWIY) SIIsAoeuy “aje] ueAR|3Q EIMWELL)
*SANOY 2 WnJ3seanels A404 MY
43342 |/buw | pue (/6w Z| 30 Suoijed43 Uouawoz Lueydy “smopeay Buysniy
. Sy -U3JUOD [@43LUL B 3ALIDB433 K[Judueddy wn1aaeydso 307 ‘aye Mopeady 3jej |ns aaddo)
*yM04b |eb® pIpaelad SYIUOW JIuEM 3Y3
up /6w QZ°0-GL*0 Pu® Syjuow J3pi0d eLULBALA “puowydly
9v 3yl ul (/6w G| °p-01°0 30 UOLIBUIUIDUC)H aebie adsuesyiny Ci3ALy sauwep aley|ns aaddo)
-aeb|e
w3 {qoad Y3 33ePuLW] S 03 JUBLDLINS Sem e |3u0LJ335Y aurey ‘eisnbny
v puod ay3 ul |/Bbw gE°Q 40 UCLIPAIUBIUO) Runuig ‘puoy uclalae) ajej1ns 4addo)
*aebe 6ul|1043u0d
U} 3AL303343 S| 43IPM JO 3004-d4J0 Jad aebie snojuawe(tls
Liv suo||eb g°p 40 ajes © 3@ uoL3eDL|ddy pue dLuOPUR {4 saye Sn|d-3ul43ing
SIIN3Y343Y S44YWIY Y0 SLNSIY W3190¥d NOILYI0T S3NBINHIIL
S3pLo16ly - |043U0) {®I1WaY)
\ (panutiuol) SINDINHIIL INIWIOYNYW OGNV TOULNOD 3IVOTY




S T 5 T e i I e e e i

e emee o = o ————— s o . —— . -

{panuijuo))
«apLoibye
3y3 0 uoijedy |dde 433je uaAd |ei3juduodxd
: pauLewad yMoab 3yi *spuasl yimoub-jebie eLUJ0 L ®) *A3un0)
33944@ A|IuBIL41UbLS Jou pip B4dR/Sq| £/°| 0dsiqQ sin] ues
614 -[*1 40 SUOLIBAIUIDUOD 3@ 3R NS 48da0) rUlLqPUY ‘410AUdSAY ZadoT 93e4{ns 4added paje|ay)
*woo|q (eble ay3 pa|o4l 34 1ysdwry May
€1S -U0d 3432/Sq{ p 40 3jeu uoLedy|ddy SU{PULDALD pUIB(RUY “3%e7 wenbsiuuly 3184 | NS 4audo) \
*43ddod juU 5309343 3PS D21X03
Y3 INOYILM PUe UIIBM JLOALISIL Y} UL
sabueyd jediwayd 40 [e31boyolq pajuew (@10471U JBALLS
ou yjLm uopjesy|dde 433138 sanoy p2 eLYRAC|SOYIBZY *21Q34) pue 3jej|ns Jaddod)
I3 3yl burunp paueaddesip woo|q debie ayy aerbe-s0|; uouawoz (ueydy “aL0AUBSIY LqN] 056-Y2 '
*pIL1043U0D 3] GF SUOLIBAIUSIUOD 4BMO|
341nbaa saunj|nd Bunop +epnedidpenb S .
404 pauinbaa sem | /6w o (-8°0 2
pue *|/bw GZ*p-(°Q Sem aenbe-sojj 'y gpneotipenb snwsapauads < '
29 1043U0D 03 PBP3dU UOLILUIUIDUOY 3enbe-s0|; PuU3ILqRUY Ki03e40G@7 ajey(ns uaddo)
~A403LGQLYUL d43M 30w 4O ’
1/ QL 40 suolitppy <@eb|e udsub-an|q BLUAOyL|ED
ul uo{3exij uabodliu pue uot3osnpoud uojjue|doifyd uo (4addod) ‘e 403 wouy
€9 Kaewiad pajeinwils 4addod‘|/6n g| Molag JUBLAINUOUDLW SO 323433 493emM Buisn Aesseolg 4addog
*yjmMoub aebye
Buijowosd snyi csueak Auew .0y
4378M 341 3ZL[13494 | LM 33e4|NS 4addod
Y3LM JUBWILILT JBYJ PIPUBLWOIBL SBM 3]
*S3SEAD WOO|q Y3 /bn 1 03 s(Les
43764 3%e| 30 JuIU0D 43ddod Y3 udYM
cymoub |ebe 40j , Judwd |3 3dedl, eSOULDNJA3R S135A20401) 4SSN
21 Aaessadau e ay 03 punoy sem uaaddo) aenbe-so|} uouawoz [ueydy *A10A43S3Y ASAPYZOY 31e4 NS 49ddo)
914 ‘sld °1043U0D 3AL3D3343 aebe udaub-an|q asuesiny saye| aJiysduey May 3303 |ns 4addo)
SIINIFY343Y SAYYWIY ¥0 SLINSIY W11804d NOILVI01 SINDINKIIL
(panuLiuoj) sapLoibiy - (043u0) (edIway)
{panut3uo)} SINDINHIIL INIWIDYNYW ANV 10¥LNOD V9V
1
¢
v - A




o = o " W

N Gl o st g e ol o

(panui3uo))
*5135K20431 pue ‘si3shoeuy
3 “uotiawoz fueydy ‘euaeqeuy se yons
aebie uzaub-anjy aae saidads |ed
, °$3{ns34 A4030035130s builuodad -1outad NG ‘axe| yoea ui wa|
i $2933Lmaad Is0w Y3iM *ud(|3dxa 03 Jood -qoad 8y3 butsned aebie ay3 Sn[g-aulding
Aouaby a3e3s woJdy 8bued SIUBWILBAF ISAYY 3O SI|NSIY UO UOL3BWAO4UL J13103dS ON ©10S3UULY ‘3jeyins 43ddoj
©JUBWILILT IALJII43UL puP 400d 30 S3u0das
: . M35 ® yItM (3001-0¢) poob pue (%09-0S) Lleyjopua 4O sy|es aujwe
- 41B) UDIMIDQ SBM [OUJUDD BY] JO SS3JINS “s3onpoad saddod paieayd
: Aouaby aieis 11843A0 3Y3 //61-2/61 S4eak 3ayj 404 Yimouh (ebie asuesLny uebiyon “33e4|ns 4addoy
: dutsind
R Aouaby a3jess *paysLuany JoN Ymouh (ebie aduesiny pue | Kaey 40 33ey|ns Jaddo)
*|/Bu g-Q ueyy ss?@| sem
paijdde uoijeajuaduod 3yj |Raauab uL pue sLout L]
1/6w g°| S| 9besop ajyemo| (& wnwixBw 3yl ‘satyddns =
Aouaby a3e1S caeh{e Bui||043uU0d UL |N}SSIIINS KU3A sefije usaub-anyg J433eM DL qnd SNOLJBA ajeyins 43ddoy <
oyepl
5 ‘spuod {ejuauruso
Aouaby aieis *3703S S1Y3 Ul SN U404 pIpUIW0ITY aebly pue spuod ysiq autayny
112Y30pu3 pue ‘uganig
‘auizenby *y waisks wg
‘v33woy ‘3pLdaeb |y OLARY
«dds U0K30LpoJpk (K1 {eo14129ds “Sjue|l431s
Aouaby ajess *paystuany oy +dds eaoydoyaiqd BP0 pue saxa|dwod 4addo)
*A||enuue judwleaLl Bug)
*spuod WOJ) PIAOWIA 3UdM IN0UY UBISE Ope40|03
Kluo pasny  *3A1309;33 L||{eu|baew “31un Butdeay Inod)
Koudby 3335 ALUG “437eM UL PRO| JUBLJUING YBLH aef|e snojuadwe| Ly S4HL1D X[RUD Sh{d-uiaing
3 $30H34¥343Y SAYYWIY 40 S1INS3Y W3180dd NOILVI01 SINDINHIIL

; (panuijuoj) sapLotbly - (043u0) [BILWaY)

(panui3uos) SINDINHIIL LNIAIOYNVW ONY TOYINOD VIV




v
¥

o

(panuiuoy)

RN S - EFT £

Aouaby ajels

u Aouaby ajels

Kouaby aje3s

Aouaby 3je3s

olv ‘Aousby 33e3s

Aouafly ajels

*1043u05 Aseuod

-6d3 40 (e}j4ed se pajuodads

$3(NS3y °papiacuad J0u $233123dS

ALLensn aebje sruojyue(d

pue snojudwe | t3

< 1043u02 AJes0dwadl

40 |e134Rd se palJodad

$31NS3Y  *PApLAOJd 30u $I}410adS

A (ensn aebie oruojueid

pue snojuaweytd

*3suap 003 wWeddq yYMo4b
te61e 3yl [1lun Buiiiem 4o uoyjedi|dde
Jadoadwi 03 INp uIIQ ALY SBUN| LR Y3

jey3 $3sab6ng  *JuaIsSIsSuOdUY

s3|nsay paYSLUANS 0N

~u0seas butmoub ayl noybnoayl
pauiejusew S} 3)1Npayds uojjedyjdde aeyn
-6as e pue ‘asuap 003 awodaq aebie ayl
3.4043q ybnoua Aj4ea pajaels S1 juswleaul

3yl 10yl POPLAOAD |043U0D |NYSSAIING

*sanbiuydal

PaysLu4ny 0N

1043u02

9A130UJB] @ UO PaYSLUANY UOLIRWAOJUL

ON "Panu}3Iu0dSLp 3q deble ajuesinu 30
1043U03 2133WS02 404 spunoduod 4addod 30
uoijeoLidde 3yl JeYI SPUBLDIBL SILPNIS

{eo1bojoLy pue S33e7 SO UOLSLALQ 3YL

aebje aouesiny

*ugi3jed)|dde jediwayd

U910 PALUNIIC S{(RULIILD eudrqeuy
30 WOOg JSUIp ¢|NySS3INS JON

aebje dtuojjueld pue
€243Aydaad ‘snojuaueqtly

NLOA\ MIN
‘1/6w 00| vey:
4930346 ssaupaey
yY31m spuod pue
Saye| INOLI-UON

(33-a42e/ 126 £2°0)
- 43ddod
se abesop awes

%404 MIN (34-3400/QQ g°Q) J21em 3O

“1/6w ool ueyd Jafe| -3 g Jaddn auy

4330346 SSaupJey ut | /bw £°Q ueyy adow

y3im spuod pue J0u e paiidde
saye| INo43-uoN ajes1ns Jaddoy

spunodwo?d
Kasaap Map 43ddod pajeiay)
Kasaap May 33eyns 43ddo)
(a3e3(ns 4a3ddod)
autey spunodwod 4addo)
autey

*£3un0) D3QIaLUBY

‘puog snboy ajey(ns 43ddo)

*paysIuJN} J0U UOLIeWLOU} J4AYJunyg 1dd 1SS LSSy
Kouaby ajels *pasL3oedd S| [043U0D (eb|e 3wog aebe asuesiny ‘Spuoy 33e41hs Jaddo)
SIINIYIIY SYYVWIY ¥0 SLINSIY W31808d NOTLVIOT SINDINKHIIL

(panu13uo)) s3pidibly - 1043U0) |R3LWIY)

(panuL3u0l) SINDINHIIL LNIWIDVNVAW ONY T0¥INOD 3y9TV

(Pinbiq) snid-auiand

[
—
-

[




L o s haa Ll L ST i i x -
£
(panujjuol)
elJole ejulbalp
Kouaby aieis "3ALSN|JU0IU] SL1sAdRUY ‘uipsay) ayey 3jejins saddosy
*saye|
U0L3034034 pul s3l|ddns aajem ul
peaJdsap|m s} 043u0d |eb|e 4oy 3ze4ns
43ddod 30 3sn  cuoLIR|NI|edSiw 03 eLuLbuaLp
Aduaby ajels NP £7/9 PUR £/9 UL SLLLA YSI} pasne) St3sAovuy “410A4353Y UeNbOIID a3e4|ns J4addo)

Aouaby 3je3s

Aouaby ajels

Aduaby a3e3s

Kouaby aje3}s

Kouaby aje3s

$1043U0D 3AL39343]

*10J3U0D 3A1393433

*1043U0D 3AL123338 K| |eJduUIY

* 1043u03 Asedaod

-wd3 40 |ejlsed se pajuodas K| ensn

YL

*papLaocad 30U $I14L9dS

" 1043u02 Kaeaod

-wd3 40 |eljJed se pajuodaa £i|ensn

S3LNS3Y

*papiaoad jou sdyjLdadg

uUouawoz yueydy
WOO|q paLijuapiun

*3ufadoys buoie ymosy
24AB0a1dS 3A1S539%3

aeble otuojueld
pue snojuauwe| L4

aebje siuoyyued
pue snojuawe|}y

JUCUMIA
‘uiedwey) axjey
‘Aeg sueqiy *3IS

(A1ddns 4a3em
o11qnd) Juouuap
‘platysaaylean

OB
‘Koo e

Y404 MaN

*1/6w ool ueyd
423e246 Sssaupuey
y3jtm spuod pue
saye| 3NOAIUON

Y404 MIN

‘1/6w gt uewy
J33pa4b ssaupuey
y3tm spuod pue
SIRC| INCUIUON

3194 | NS 43ddo)

184 ns 4addony 2
-
9304 (NS 4addo)

(34-3400/q1 §p°1)
anoqe se abesop
awes (ajeuoqued

430d03Lp) W-48uLdey

(34-~3420/ (%6 /2°0)

J43ddod

se abesop auwes
(Pinbi() y-aduiaey

S3ON3¥IJTY

SAYYWIY ¥0 S1INS3IY

W31804d

NOILYI0Y

SINDINHIIL

(panuiiuo)) sapiobiy - (043W0) |BDtwaY)

(Panujuo)) SINGINHIIL INIWIOVHVW OGNV T0¥LNOD V9TV

N e

ek




Rl o o

2y R B S LN R Can it nie, M ¢

(panuiuo))

Ajuaby ajeys

Aouaby ajeis

Aouaby ajels

Aoueby ajeas

Aduaby ajess

Aoulby ajels

*(5qt 002) Guibbesp
-beq Jad3je pasead(d - y/6l ‘vi 3snbny

*(s4L 008) Buibbeap
-beq 433je pasedd - z/pL ‘0L Isnbny

*(sqi 0cy) Buibbesp-beq 493se paued )

*(uo3 |) buirbbeap-Heq uajge
sJaqunu pacpad - giel ‘L1 3snbny
*(uo3 ) Buybbeap

-6eq 43330 paJead(d - g6l ‘vz ALnp
"{sqy oy} Buibbeup

-beq 4age padsea(d - grel ‘Ll ALne

*{sqL 0z) buybbeap

-beq 43142 pased[d - g/pl ‘p2 ISnbny
“(sq( oz) buibbesp

-6eq aa33e paaRdLd - 7261 ‘62 ALNC

*(sqL 001) Buibbeap-beq 4a3ye paseal)

*34-3400 £/q| | Xawdey J0/pup 3uIE/q[ £7(
2184 |nS 43ddod yiLm |043u00 2eb e

pooy cuol3edL(dde ydea 43342 wo3loq
puod 03 SHULS PuR UMOUG Susny N6y

*PISSNISLP J0U UM

+dds eJABoJ1dS

~dds JABo4dS

SLeULDJTD cudeqeuy

*dds ?1(d3143030(9

+dds ®iyd}4303019

+dds ©130abnoy

SL|eULJJ|D eudeqedy

S11euloalo Bugeqeuy

+dds °1403B| | LI5S0

{ umoujun
$3123ds 3oex3) Iebly

auysduwey May
‘uppyuedy
*3ye7 433593

aaysduey May
‘umM0354409
‘sLLed S Autan

4 ysduey May
‘yisplaay
‘wenbsLuuiy axey

3ajysdwey may
‘PLaLIU]
“110A4353Y PI@LuU3

3uLysduey May ‘puaojag
*puod SU{qqas

RLULBJLA IS3M
‘uesedy *3d
“spuod

Burysiy uoriess
BPLLPLLIA 43U LDIM

(as4e02)
ajey|ns saddo)

(as4e02)
ajey(ns uaddo)

{ @sae00)
ajey | ns aaddo)

(3s4e02)
ey ins J4addoy -«

Al

(as4e00}
83p4)ns aaddo)

X3uuey pue
d3ej1ns J43ddo)

(3408
3oe34ns/5G 0l
3304 abesop}

Kouaby aje3s SWMO0} BIULSINU U404 UOLIPUMOIUL I131D3dS aebe snojuaweiiy UlSUOIS LN e |ns Jaddoy
*SJ4eak Yj0Q pajedus {8400
2U3M 42IBM JO SBLPOG Y] JO ISOW *apew aoseyns/sql p°g
ALLNSSAIONS auaM SIUBWILAAT |RILWAYD QOY jed abesop)

Koudaby ajels pajewi1sa ue g/g1 PUe G/6T S4Pak ayl Jo4 aebje oluojyue|y ULSUOIS LM ajejins aaddoy
SIONIY3IIY SAYVWIY ¥O S1INSIY W31804d NO11V¥I01 SIMINHIIL

(panutjuo)) sapioibly - 1043uU0) 1ed(way)

(penuLauol) SINDINHIIL LNIWIOVNVW ONY TOUINOD IVDTY




(panuj3uo))

fouaby ajeis

Kouaby ajeis

Asusby aje3s

Aouaby ajess

fouaby ajels

Aouaby ajess

fouaby ajels

*(sql 002) buibbeap-Geq 4a1se paues|)

*(SqL 005°‘9) Buibbesp
-beq Jajje paueajd - g/l ‘L AN

-(SqL 005°9) Buibbesp
-beq J43ije pases1d - zz6l ‘g ISNONY

*(sql 0of) Buibbeup
-62q 431ye pased|d - grp| ‘cl ALAP

*(sq1 00z) Suibbesp
-beq 4ajse pasea|d -~ 7761 ‘6l AInp

*(sql o0L) buibbesp-beq 4ajje pasea|)

*{umoujun junouyy)
buirbbeap-beq 4a34e podeal)

*(sq1 002) buL6Geup
-beq 43330 paued|d - g/pl ‘p Isnbny

(391 00L) ButBbeup
-Beq 42348 pauead(d - /6| ‘G ISnbny

*(sqL 0f) buLbbeap-beq 4aje patea|)

~dds ewaubAyz

S1|BUIDJ}D RUBRQRUY

SLLeU[od1J euveqeuy

Si1[BU[DJ[D euaeqeuy

—_—

SileuidsLd ruarqeuy

*dds TuUaeqeuy

*dds ewsubAz

S| {RUIDAD RUDRQRUY

*dds euaeqeuy

*dds euaeqeuy

uLysduey may
paoyjeds
‘puogd Aaj1im Big

A4 Lysduey MaN
‘pLatul
‘aye7 ewodsey

aarysduey may
*abputy
‘axey KJaead

dJ4Lysduey May
*ugjdwey Mag
‘puog uosyoep

aaysduwey M3y
‘PLaLISIILG
‘puod 35009 PLIM

aatysduey may
‘uM0353309
‘ayeq ua|y

adiysdwey may ‘bulaaag
‘puod uoLnj

( @s.4e02)
ajeyns aaddo)

( 9s4002) '
ajeyns aaddo)

( 3s4e03) ’
aey|ns 4addo) :M.. .

( 954203) ;
ajejns 4addo) }

( 3s4e02)
ajey(ns aaddoy

{ @s4e02)
2303 |ns 4addo)

( asae02)
ajey|ns 43ddo)

SIONIY3JY

SAYVWIY ¥0 SLINSIY

W31808d

NOILYI0T

S3MDINHIIL

(Ppanui3uod) sapidibly - (043u0) [@I1waY)

(panuiluo)) SINDINHIIL INTWIDYNVW GV T0¥LINOD VOV

‘o




[T e e

W
!
]
4
(panuyjuo)) :
*uo4eaiignd
3yl u} pajuasaud si Aueuwuns 3A|sudIN3
Uy *JUALIPILT 4}OAIISIS DALSUIIXD JO4 .
a1qiseas A |2o{WOU0d 340 eyl Palsal
sapiopble Ajuo ayj aue swdoy paje|ayd
S3L pue 3jej|ns J4addoy ~wdd ggg 43N0
30 Ajpup|ey|e [BI03 JO SJIJEM U} $S3|ISN
paJapuas 3uam sapLoLbie 3AL3103338 sou yean “A3L) ayel 3es
024 a3yl eyl pamoys suoiiebLisaaul platy swoo|q |ebLe djuojued CAL0AL3SIY FAALJ 433Q S|BJ1WAYD SNOLJRA
~uo3yue|dooz pue ‘ysij ‘sjueid
a13enbe 4aybLy ‘aefe uaaub 03 s30a4yd
LRJaRY 3] QRALISQO OU yY3iM 3eb e uaaub
-3n|q 40 SYmMoub Aaeay paLLy A1aALl
-23449 {/Bw G0*G-£0°0 40 SUOLIRJIUID UESUODSLM B[ | LASAUOP 3uou tnboyjydeu
IAE] ~u0d 3@ DNQ-£-2 30 suoLiedi|dde Aeuds ‘puod sburpineds -040 (Y2 LP-£-2
*papadu S| SUOLILPUO2 Pl 43pUN
Bupysay LeuolaLppy °L/6 g se Mol se
SUOLIJAIUAIUCD B |BYIS| SBM PUR 3AL3D3)33
3150w 3y3 aq 03 punoy sem auouLnboyjydeu
P4E] =040 |YILp-g-2 53533 ABSSEOLq 4WY esoulbnade S135A004D1Y Aua03rdoqe] sap1a1bly 00€
L
*(uoijedyjgnd <
89 93s) paudoyuad sem Buiisay Aesseolg aeb|e dLuoyue|d A403e40Q0] saptably 00¢
*1043u00 (e6le 313|dwod 40j paJLnbau sem
uoL3e43uacu0d |/Bu-g| y *3ieyLns Jaddod
4 [} uey} palpnis aebie ayl 03 J1x0} §$59] {sat2ads gz) sebly Ka0je40qR] 3jeuebueudad wnisselong
] *3udsaud aue
f . $313111G13daISNS |BILWAYD JUIIBLHLD YIIM
$3103dS |J9A2S JJIYM JO umMOUNUN Bue deble e1QA|eYD BLJI01R| {1950
40 $3103d5 Y] IUIYM SJLOAJISIA 43TOM SU2J59QNA BLI03e||1ISQ
i Med GuLledL) UL Pasn 3Q [@DLWAYD Sy} P3| NULYdS PLYd143030(9
i jeyl papuawwodas sem 3] -aebie wa)qoad SL|eULDALD PuUdRqRUY
¢ 94 3y3 pa(|043u0> jeupbueuuad wnisselod ES0ubNade S13ISAI0UILH Au03040Q07 3jeuebueuad wnissel0gd
R *s312ads wa|qoad aenbe-s0|j :EE_SNEEN_K
. R 2y} buiy|043u0d ut 3jes|ns 43ddod 30 e32(Nutyd3d 2LYd143030][9
L/BW 01°0-520°0 S SILNSAJ 3wes Ayl S1[eU1DJL) eudeqeuy
. . €4 3aeb /6w 0°Z~g°0 0 SUOLILAUBIUO) esou Lbnade S13SA3040L Aaojeaoqe 3jeuebueuuad wnisseiog
g SIONIYISY SYVWIY 0 SLINSIY W31804d NOILVI01 SINDINKIIL

{panui3uc)) $apLILBly - 043U0) |eILWAY)

(panuiauol) SINOINHIIL INIWIDYNVA ONY T0ULNOD V9TV




T

(panui3uoy)
*pasodoud S| 4104
-43S34 Byl JO uWILIJ] *BuynuEIu0d
UCUNLD Y3iM SIUpaadxy *pasnbad
L/6w | O uoj3ed3udIL0) -3bejueape 250U [BNJ3e S135A20401 Spue |4dy3ay uoangp
6d -SLp © S JUdWILILI YONs 4o 150D YBLH Jenbe-50|j uouaWOZ}ueydy “SULOAIISIY IYD34pJog pue uOJANUOY !
!
*JuaLpaabul aaijoe
ELY 30 | /6w g-2 jo abesop e |043U0d pooy sjew |ebje buljeoyy spuod pue sajyel {1eylopu3y

*SUD13IRJIUBDUGD Buyy|1y-3ebje je swSlueb.o

poOS-ysi4 ISow pue ysiy 03 di1x03 Huraq T 1940 [4) “eanuks
$32npoad uopjepeabap 3yl J0 Buou yim eAqbuky ‘seuduwopAue]yy
{1/6w 02-01 si abued pauuasgaad) j/6u pp) S140[4Yd0330] “B14038] 1350 Y
03 (°(Q WOJJ SUOLIRJAUBDUOD 3@ aeb|e SNUS3pOIIs tyuy ‘euseqeuy U LuRPOMY .
] 1043U03 03 paju0dad sem punodwod siyj WAUOIdB |4 ‘SNWS3PaUIdS Ki0jed0qe] -(8uapilianjiqueg G)-g
2a04doy3 | '
*swsiuebuo pooy ea0ydope [ eaJn (Ayjawip-1°i
~YSL} 40 YSij 01 SID94343 |2IUdWLAIAP W uobopay =( | AuaydoJso tyop-p°¢)-¢ '
€2s OU Y3LM P3| [04IUOD dJaM S3LI3ds ||V 2uABoitds spuod 92 N34 @Y
~
= .
*JUBWILdL] JIJRM SA9503043M ¢ .
03 yseoddde Mau e SU3}40 ‘JUBWUOJLAUD XOA[OA “uniuog 3
6u|punoddns ayj o0} |eILWAYD JO ISEA[3J N0 3| 1oeab wnJiseus|as pLIO YD wniuOwue
-y43im “sadegans |epiotbie a|qeanp waoy 03 eaLpurAS euaeqeuy 1A23pe320 |AylawLp (Adoud :
M Jvh-1S 40 A111Qe 9y) +aebe pa]]043u0) 133Ua0G ©LA0I€]]1ISD Ka03e40q8) «( 1K1 1SAx0y3awLa})-§
*s3|nsad
4R LWLS 4Oy sAep ¢ 404 |/Obw | padinbau
aje;j|ns 43addoy  *3wi} IDPIUOD ANOY-2 Ul
{/6u g 40 SuOL1PAUIdUDD 3P S| |3 eble
1] papLly ‘Burao(yd Aj|eLdadsa ‘suabo ey eaoydope ) Ka0je20q@] Suabo ey
*aeb|e pa||o4juod
gld (/6w $°0-2°0 30 SUO1ILIWUBIUD) Spued (uoanip) seaun(Audyy
. apLao|yd
v . *susiuebuo 336407 Ayl 4oy A3poLL WwNLUOPOL - | AudLyl-2
- -23ds 3o da463p ybry e pajLqLyxa pue - 1Auaydouo1y)-d
. 8ld ‘Lid *{043u0) Seb(e 405 (EDWHRYD 3ALINBSI]T Ai0jea0qge] pue saye) g¢ *ON punoduo)
;
' INIWIIIN SAYVHIY 40 S1INS3Y W3180%d NOTLYI0 SINDINKIIL
{panuiLluo)) sapioLbly -~ |043u0) |edIwWdY)
3 M {Panui3uo)) SINDINHIIL INIWIDYNVH ANV T0MLNOD IvDTY
] .
. - , o . , - LT e RSTPERINY SPIRAY= £ R -
[4
¢ - * ecem® . - y
- - .

" o o , T s




A
(panuijuol)
L}
)
erutbary Isan
*buLysty yueq buirjruaad “Ouy | 33yM
Kouaby ajels JIUIINS ORI PAINPBJ A|BAL]D3449 |M0UY 2a0Udope () 40 Symoud asuag “sayel $yd0y Jedg (uoanip) xauaey .
\
*34~8400 £/q| | X3duuey J40/pue Aude/q| ¢£°|
@304 | NS 48ddod y3M |043u0d debie poog :
*uoljedy (dde yoea udjse wo3oq puod (umouyun eLutbagp Isam ©
Kouaby ajeis 03 SHULS PUBR YSLUMO4Q Su4ny aebly saldads joex3d) Ieb(y ‘puod YiHd A9343 A404 xauspy < ;
/6w 05 < S} ’
HAOA MAN uabAxo PIA(0OSSLP udym
cudxejuaapun aeb (e uadub ‘($3400e g) t/bw (°Q 3e pat(dde
Aouaby aje3s 9q 03 BuL4OILUOY *d|qR|LRAR 0N pue udaub-an)q ajuesiny axye] souey uojduey 2303{Nns un(dje)
*30e44ns
J33BM 30 400 43d uOLIR{AUMOS
dm-0g 40 "ql [ 30 3led @ 3e StoutiLl
Aouaby ajess aeh| @ Bui](043U0D UL 3A1329443 Jebe . nyudwely 1S3LPOq 4IJeM OM] uoaniq
1]
Aovaby ajess *$3|NSBS |NjS5SBIINS Audp paysiuany JoN Aasaap may izew§
’ *3ebe pa1043u0d A||N455320NS SLouty|]
fouaby 3jeqs {/Bw gD 30 3304 uoLIRDY|ddy aebi® snojudwe| Ly *saye L% ¢ ¥
. SIONIY34Y SHYVWIY Y0 SLINSIY W31903d NOILVI01 SINDINKIIL
. (Panutiu0)d} S3pLably - {04300) [@I1way) )

(panug3uo)) SINDINHIIL INIWIOVNVI ONY 108INOD VOV




) i v

{panuliug3l
*sudaub-an|q
J43MIJ P3ULRIUCD PUR SNOJIWNU SSI| uaM °p440| 4
tld uo3yue |do3Ayd ‘umopmedp BuiMo|04 AL enb adjem Jo0g ‘exdody axeq UROpMELD xR
YO IRIIP/N0 | IR (NIu; D
Aouaby aie3s *$3INSAJ JUIIS{SUOIU] paysjudny 04 P30 YI4ON WROpMELD NP
*343A35 003 30U S} wA|qouad Jeb|e
8y} j} pue Jeak ayjy ul A|4ed pajidde
UBYM JUIWIRAUT 3ALTIBSHD UR St Syl
*sappotbie 43y30 YyImM UOLILUIQWOD UL
Kauaby ajels $40300} |dde |egosBum0d M34 e Aq pasp aeble aduesiny ueb Ly 1w apeysenby
* (poyjaw pasocdoud)
sisayjulsojoyd 404 sjueld Aq pasn
syjbua(aaem ay3 uy uojjeajauad yby| {9p s33mm}
GM 3onpad pnom s33em Y3 30 Bujuoy0) Jeby (pasodoad) saxyeq apeysenby
* [043u0d
|ebje jo sueaw ae[nbas e se pasn aq puebu3
J0U PENOYS SAALSO|dX3 eyl PIPUBOIAL ‘sajem yinog (sd(ondea
SI 31 ‘poyjaw |043u0> deayd pue dynb QETE $S440A43534 seb 1sung 03)
[i}1"] nq D43SeJ4p B sapiaoad anbiuysay siyj §135A20001 £|ddns uajen sabaey> anpsodx3
*(Apnis 4apun) a|qiseay
A| |e31WOU0d3 3q 01 WAISAS ayy Joj S135K2040(y ‘Euaeqe RlUJO (€]
£0 papasu uwe3sAs dnydoid JuaLdLyya duoy uouBOZ | ueydy ‘axye Jed|) Buiysanaey
*3ALSN|IUOJUL BUdaM ST|NSIY * | RAOWRU
404 Jaupesjsosdw e ybnousyj padund
sem yojym 3eb|e ualub-an|q Bupieoyy
133( (03 03 PIsSN SPM JIUWAULYS |0
uy °sAeq |{ews uj sasoduand dijaw eLudoyLie)
{a -0 J0j PaACWIJ SeMm UOUIWOZ|ueydy uouawoz Lueydy “aye 4ed|) $J3ULRIIS0UI Y
PAqBuky_‘eraoge ¥ssn
91 +aebe udaub-an|q 40 gy/ panowdy eudeqeuy *$135A00401W “aye aisjwa|n SJM|RAIS0D LY
epeue)
*suojjedjuacuod aebie ybiy j0 spopaad ©1J03%] 11950 ‘ojJdriug e
19 Bupanp aeb|e BulAOWIU UL 3AL133)33 euaRqeuy “ajuind 4o Aeg $SJ42UJRIISOJI LN
*s113d5 (ebe pue(buj
[} 43642 3y JO %0§ 03 dn jo [eAowdy uojyue | doilyg “110A4BSDY A4l UIBNY SJULLIISOUD LYW
SINIIINY SNYVHIY Y0 S1INS3Y W3180Y4 NOT1YI01 SINDINKIIL

1043u0) e34shyg

(panu13uod) SINDINHIIL INIWIOVNVA ONY T0YLNOD 3V9Y

A19

A




(panui3u0))
*paJeaddesip A aeau
sey aebye udaub-an|q awosa|qhoul
ay3 pue 09 Al4eau Aq paonpad ussq uIPIMG
i sey ssewoiq uoljue(dojAyd Jaumng Jenbe-so (3 UoUaWOZ {ueydy ‘uduwina] ayel buibpaag
STI5A9020
“UMOPMBJD 3%B| 3DULS PALUNI0 EY epLao|
OLH aaey swoo|q tebie juesLyubLs op uoudwoz tueydy ‘ebyexyadoyo) 3xyey uMopMeJp 3)e
S3IMIYWIATY SAUYWIY ¥O SLINSIY W37904d NOILYI01 SINDINHIAL

(PaNui3u0)) |043u0) {e315hyy

(panutiuo)) SINDINHIIL

Yo

AINIWIOVYNVW GNY T0¥INOT VTV

A20

~ e e




Y o

(panuy3uo))

Id

A 21s

6d

W Aoudby aeas

Aouaby @a1e3ls

e ey

-quapiAd sem ymodb (ebie 30 uo|ssasdag

+do4d Huppueys (ebie paonpas o
U0LJEDLPUL OU SEM 34y PUR AJjunuied
3346 @ 0} uasub-antq £ weuiwopaad

e Wo4) 131Ys 03 paseadde 3ebie 3yy

“3ALSNIUOdUL SILNSAY
-paj0u ssewolq uoyque|d ui s3bueyd

*53|Nsa4 ulw
-4213p 03 Aemudpun A(JUIJund st Apn3is
Jeak-om3 y vaebye Hulonpal ul N353
-9ns K11e13jul 3SRAL 18 SEM JuU3WIeIAG
3y} Y3} AIRDLPUL SINSAA Kaeujuwi{ddd

suojyuedoikyd uo $393433 AU(W.ITIP
03 (gL61) 403K J¥aU 3NULL0d LM
109(04g *PIAJSQO uAY sey snaoydsoud
L2303 UL uoL3onpad jueatgiubis v

cyjMoub (o6
BuloNpad U} DALIDBSHIUL BdIM sjuabe
BULIRIIYD UL *2LUYRLJEA SEM S|IAI(
snaoydsoyd padnpaa 03 asuodsad 3yl

*JUBPLAY
sem ssewolq (eBle 3y3 Ui aburyd o)

*UDISJBALP
49348 paui|Ddp SSPWOLG uoIyuelg

uoyue 1dokud

CuaRqeuy

aehe uasub-anig

aebje udsab-aniq Iquesimy

BuLpeoy
snJoydsoud {RULBIUL WOLY
swoo|q [efte (enuwy

aeb(e uasub-an(g

debie souesing

swoo |q by

Ka03e40qR)

uobaap
‘puDg SAULL)

SpUR | 43433
€410A4353Y 14DBIDIOQ

uojbutysey
*A3unp) dueyOdS
*axe] (Edipm

3uLey
¢Kun0] 234Iuudy
sajel A00Iessaqeuvy

23053UULy
“spuod bui4eas ysty

UIPIMG
‘yofsbuel ajel
4 °

oug
$gIRRT ULML

WULWn (@ pue ‘wn(uoduiZ

‘wnueyue 40 SILES
¢ (RAOWBL @318ydsoug

djeuLwn iR wnpos

(Z1394)
FPLIOLYILISIY

EPLIIL P
WuLWN |8 YL
UO1IRALIIRUL JUILIINN

{s1evtunie
wnLpos pue wnie}
{RAOWRY JUBLAINY

aie)|Nns wnuiwn (e
pup suabe Buile(ay)

31831 NS WU 1Y

uotjedi|dde wnie
pUR UOLSJIIALD WALLINY

SHYYWIY YO SLNS3Y

WIN80¥d

HOI1L¥301

S3NDINKIIL

§393443 paulqwo) ubnoayy [643u0)

a8
el
L
(3L EVEEEY]
¥

(panuiIu0d) SINDINHIAL INIWIOUNYH ONV 031NOD 3VOW

Ya

-

~ .




» . - - - AP~ T e - -
.
3
Y
3 .
! {panuLiuog)
r ©43uRINS pue
g Bul4ds Huiang suoriegndod uoyjue|doihyd
. ) J10AL3SAJ U0 323443 3ISUBAPR ue pey
- abaeydsip 433eM 3O ajed ul 3seaudu] {¢g)
, *3)e(dn 4ayjuny Suoiied0| wosy uojued
-03Ayd 410AJISIA JO {PACWAL UO 323333
. Ssa| pey abJeyds)p J3iem 3o ey (2)
SAL0AJBSIA BY] WO PIAOCWIL
. . uojjue [dojAyd 30 Junowe 3yl ISEIUduL rLuLbatp
* 51§ pip 3bJRydISLP 30 died paseasdu] () uo3que | do1fyd ‘ayeq 403he|) abueyasip Jajem
*UDLSJ4IALP ADULS PISPIJUDU} $3ID3AS 4O JAGUAU
9y3 ‘seadaym *A|dueys paseaJdap esagneM ;o
uojue (d ayy ui SL3sAD04D1N 30 dduejuod ULSUOISLM
. -wi 3yl +esuobay pul PuUOUO, Ui pIbueyd esuobay ajey
30U aAey S3123YS JuRLLWOp ul Sabueyd pue ‘euoudy axeT
€1 pue saidads ;O Jaqunu 3y} *[esdudb uj aebie udaub-an g ‘esagnepm e uoi1SJaALQ
*4N220 J0U pLP woO|q
buiads |enuue ayj pue A315udjuL pue m*umxuccg 440\ MIN |eAowa4 ajeydsoyd
814 UOL3RAND Uy PADNPIL AUIM SWOO|Q Jauwng eudeqeuy ‘axeq sibay 15 uamoq PU® UOLSUIALQ
~pappe 43jem UOLIN|LP 40 junowe ayj 03
ucL3sodoad 33341p Ul aebje uaaub-aniq
3JUeS AU 3O SSPWOLQ WNWLXew JUINbISQNs
Y3 padnpad e Yl 01 JIIeM U3ALY uo3butysem
£M eLGWA 0T JUSLLINU-MO| O UOLIIPPE Y} Uouswoz Lueydy ‘9xe7 Sasoy uoLIngLg
F *pacnpad aq || M woo|q Lebie ayl
“padnpad aJde el 2yl ojul sindui S13SAJ04D Ly ‘U0udWGZ Lueyds R10%R(Q YI4ON SIUBLAINU 4O
old JuaLJjnu 3yl 3duo 3eyl paisabbng Pradeqdsoyduoy ‘TAqbui *aye] pooMitaLds u0133NpaJ pasododgy
$3IN3¥343d SHYVW3Y ¥0 SLINS3Y W3190dd NOI1YJ01 SINDINKIIAL
(Panujuo)) $393333 PAULQWO) Ybnouy) L043u0)
(panuiquo)) SINDINHIZL INIWIIYNYW ONY T0YINOD V9TV
3 .

A22

~.




{panuiiuol)

k4 W

™

~uwn|o> J3jem Yl noybnoayl s{|3d

(ebie 9INQLAISIPAS 0F JuLILHNS Sway
-sAs Abudud ybly sasnbay pue sadueysund
<410 ULe}4RD JBpUn ajeiadoadde Auo sy

{s13pow |B21733403Y3)

401183151324353p
(ed1y 13y

u0138D141304353p
ey

(uor3eatyt
-pa353p [eriJed)

UO(IR AL [BID 1LY

A23

WOLRR (AILLD (R CHLIIY

ugt1eL44324353p
LBLo151 34y

UOL3BD§ 1IR4IS3P
uo Ui | 0Ly

pue uoLleJIE {eidL1idy

ugyieuar [RL9L4134Y

uoi3edLLiedisap
(RLIL3134Y

81 ‘1) swoo|q |P6le |043u0D 03 uoLIBIL413e4I530 swoolq |eBly saxey

+sJaquny UL PAseaLIL
sudaub-an(q 3yy -sdnosb (eble ({2 51235700 P1.49PYJSO|Ow0Y

Suowe WJOJLUN J0U SBM 3SPALIBIP AL INq Senbe~s0|] uouawoziueydy 0peJo |03

11 paseasd3p asuepunge uojxue|do3hyd (e30] Jenbe-s0|j euaeqeuy faye] ulAded
+asuodsau (eble Hulujwsdiap ut Iduey
-s0dwy 19346 O SeM uOL3eI113e4IS3P 3O

195u0 3y} 40 Bulwil ayl IRY3 3IILpuL uebty3in

P s3insay paseasdu} aeb(e udaub-an|g A3LALIDNPOIE MO “ayeq 3507 ISAM
+juBULWOPp BWEDAG X}
weadAydoao|ys pue paiedissip Apeniuans

uotie|ndod S3 sefife sLyl 40 uoling aatysduwey MY

3H -141SLp 1@IL1J3A waOjlun e pIsSARD Butxin 3enbETso |4 uouauwaziueydy faye 4023y
“A134B({S p3dNpas SeM Ssewolq (eb(e xead
\e10{ °SJe3f SNOLABAD uL ueyy JaLaed

padanddo louswoz Lueydy 40 wOO|Q J3uuns aaLysdwey M3y

IN ‘ZLd 3yl °*paijlpow SEM uo15sa22ns by Jenbe-50 |} UouawoZ tueydy tayeq 4ezay

uebLyI

suo1qeJae Buimo((04 ALIUBL(S <ajeq 4nog uoL3IS

24 ‘U4 paul|dap doad Buipueys uoyjue | dohyd Ajl|enb Jd3EM U004 “aye] A0 WIH
~yoL3e43do uefiaq

Wa35Ks UOLIRAE 3y} 3DULS symoub eLuibaLy terapuexdly

13 LeB e otj104d Aue jO IJUIPLAD ON aebe 3A1S539X%3 ©410A4953y uenbodlg
“BUISSTISNBUE A Tye[nueJb BJ1SC (M

wWoIRLP Y3 UL ISPIUOUL ue YM uoile(n fuewdan “Bangats

19 ~dod |e6ie udaJb-aniq Ul UOLIONPIY SUdDSaqnd BLUO03RL[LIS) £4L0A43SIY YoRqUYeM

$IIMNIY343Y SHUYW3Y ¥0 SLIRS3Y W318034d NOILYDI0TD

S3INDINKI3L

(Panu1juo)) $393433 PAULGUO) ybnoay| {043U0T

(panuijuo)) SINDINHIIL LNIWIOYNYKW GNY TOYINOD 3WITV

T A e i




e e Y . IR - : . [ P Yo LW ez, AP S8 bl |
’ *ssew (s|apou) v
4 -01q |eb|e yead aodnpas A juesijiubys uOL}ed{L3R4153p
. 61 ‘20 “82S ued Dupxiw 1ero1g1340 IPY) Pajsabbng uojuedoifyd jouazuo) - 1BLDi 334y N
BUWOYR | %0 UNLIeD LS L]R43SP
. €1 *pajdajse jqou SeM ssewolq |eb|y A3Llenb uajem aoog “3xe] a|yongudy 1BL3L412dy

*abueys qou
PLp s3123ds (eb|e uddub-aniq ajiym

paseaudul aeb(e udaub jo saioads RUWOYR [ X0 UG11RIJL}LJRU]SAPp
£l 40 sJaqunu ‘paul|dap ssewoiq |eb|y K311enb uajem 4004 ‘axyeT swey (oLt
=<
+aeb e udsub ueyy auow uoL3estyLIeaisap
££5 pautyoap suotiendod |ebie uasub-an|g K1tienb uajem 004 saxe Leiot 134y
~gebie udaaub 03 adueuy
-wopaad up palylys uollisodwod sadads
Y3 pue BulxXiw 410A49SI4 butanp £|paea UOLIRILJ13R4)53p
FARS -odway paseasdap suotie|ndod uojyue|d A3tienb uazem a00g saye 1eidty13ay
*K13ybL|s paseaudul
J0 3RS 3y3 paulewdd $3)33ds uojjueid
30 Jaqunu {8703 3yl “Swoleip pue
aeb e uasub ueyy juaIxa ualedub e 03 Kyonuay
padnpas auam aebije uasub-an|q *abueyd ‘aye] yinow|e4 u0L3edL}13e4353p
FASRY| J0u pLp sseworq uwoyue|doifyd (ejop A3Llenb uajem Jdoog ‘aye] za1108 1PL214t34y
“410ASSAL SLYT
40 SBYOR3AU UBMO| BY3 Ul pa||0J3 eLuLea|Asuuag
W -40D 19319 |dwod audm sSwoo|q ebly swoo|q [eb)y ‘aye7 uolduoudd UO{]R43R |RLILYLIaY
SIN3YIANY SHYYWIY 40 SLINS3Y W31804d NOT1Y01 SINDINHIAL
{p3nUL3u0)) 5333443 pauiqwo) ybnouay] |043u0)
{Papn1ouo)d) SINDINHIIL LNIWIDUNYW ONY TOYINOD Iv9TY
R .
- - - A —




In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Janik, Jeffrey J

A compiiation of common algel control and management
techniques / by Jeffrey J. Janik, University of Nevada,
Las Vegas, Nev.; William D. Taylor, Environmental Monitor-
ing and Support Laboratories, Las Vegas, Nev.; and John W.
Barko, U. S. Army Engincer Waterways Experiment Station,
Vicksburg, Miss. Vicksburg, Miss. : U. S. Waterways Ex-
periment Station ; Springfield, Va. : available from
National Technical Information Service, 1980.

53, 2b p. 3 27 em. (Technical report - U. S. Army Engi-
neer Waterways Experiment Station ; E-80-1)

Prepared for Office, Chief of Engineers, U. S. Army, Wash-
ington, D. C., under Interagency Agreement No. EPA-IAG-T8-
R-X0393 (EWQOS Work Unit ITIA.1)

Bibliography: p. 13-53.

1. Algae. 2. Algal control. 3., Aquatic plant control.
4. Impoundments. I. Barko, John W., Joint author.

(Continued on next card’

Janik, Jeffrey J
A compilation of common algal control and management
techniques ... 1980. (Card 2)

II. Taylor, William D., joint author. III. Nevada. University.
IV. United States. Army. Corps of Engineers. V. United States.
Environmental Protection Agency. Environmental Monitoring and
Support Laboratory. VI. Series: United States. Waterways
Experiment Station, Vicksburg, Miss. Technical report ;
E-80-1.
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